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(57) Abstract: An automated system utilizes an array of nanoscale capillary-dimension reaction chamhers (12). The ends of the 
^ chambers are temporarily sealed with deformable membranes (264a, 264b) and the reactions effected by incubation or temperature 

cycling. The reaction containers may be filled by capillary action and dispensed by air displacement, centrifugal force or other 
^ means. Reaction mixtures may be assembled by using the reaction chambers (12) to meter reaction components that are combined 
^ on a substrate. Alternatively, a first reaction component may be immobilized on the interior surface of the reaction container and a 

second mixture component pumped of drawn into the container to form a final reaction mixture. 
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Description 

LOW VOLUME CHEMICAL AND BIOCHEMICAL REACTION SYSTEM 

5 CROSS -REFERENCE TO RELATED APPLICATION 

This application claims priority from provi- 
sional application Ser. No. 60/146,732 filed August 2, 
1999. 

10 TECHNICAL FIELD 

This invention relates to a method and appara- 
tus for performing small scale reactions. In particular, 
the instant disclosure pertains to small scale cycling 
reactions and devices for assembly of sub-microliter 

15 reaction mixtures . 

BACKGROUND OF THE INVENTION 

The Human Genome Program is a scientific en- 
deavor which is a national priority of the United States. 

20 The original goal of the federally funded U.S. effort had 
been to complete the secjuence at ten- fold coverage by the 
year 2005. A draft, five-fold deep version of the human 
genome will now be produced by the year 2001. To accom- 
plish this goal, the effort has accelerated to improve 

25 sequencing throughput rates and reduce DNA sec[uencing 
costs - 

In the late 1970s, Sanger et al . developed an 
enzymatic chain termination method for DNA sequence anal- 
ysis that produces a nested set of DNA fragments with a 

3 0 common starting point and random terminations at every 
nucleotide throughout the sequence. Lloyd Smith, Lee 
Hood, and others modified the Sanger method to use four 
fluorescent labels in sequencing reactions enabling sin- 
gle lane separations. This resulted in the creation of 

3 5 the first automated DNA seqxiencers . More recently, fluo- 
rescent energy- transfer dyes have been used to make dye 
sets that enhance signals by 2- to 10-fold and simplify 
the optical configuration. 
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Automated fluorescent capillary array electro- 
phoresis (CAE) DNA sequencers appear to be the consensus 
technology to replace slab gels. Capillary gel electro- 
phoresis speeds up the separation of sequencing products 
5 and has the potential to dramatically decrease sample 
volume requirements. The 96-channel CAE instrument, 
MegaBACETw, which is commercially available from Molecular 
Dynamics (Sunnyvale, CA) , uses a laser induced fluores- 
cence (LIF) confocal fluorescence scanner to detect up to 

10 an average of about 625 bases per capillary (Phred 20 

window) in 90 minute runs with cycle times of two hours. 
Confocal spatial filtering results in a higher signal-to- 
noise ratio because superfluous reflections and fluores- 
cence from surrounding materials are eliminated before 

15 signal detection at the photomultiplier tube (PMT) . 

Accordingly, sensitivity at the level of subattomoles per 
sequencing band is attainable. Confocal imaging is also 
particularly important in capillary electrophoresis in 
microchip analysis systems where the background fluores- 

20 cence of a glass or plastic microchip may be much higher 
than that of fused silica capillaries. Capillary array 
electrophoresis systems will solve many of the initial 
throughput needs of the genomic community for DNA analy- 
sis. However, low volume sample preparation still pres- 

25 ents a significant opportunity to increase throughput and 
reduce cost. 

While fluorescent DNA sec[uencers are improving 
the throughput of DNA sequence acquisition, they have 
also moved the throughput bottleneck from sequence acqui- 

30 sition back towards sample preparation. In response, 

rapid methods for preparing sequencing templates and for 
transposon-f acilitated DNA sequencing have been developed 
as have magnetic bead capture methods that eliminate 
centrifugation. Thermophilic Archae DNA polymerases have 

35 been screened and genetically engineered to improve fi- 
delity, ensure stability at high temperatures, extend 
lengths, and alter affinities for dideoxynucleotides and 
fluorescent analogs. These improvements have resulted in 
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lower reagent costs, simpler sample preparation, higher 
data accuracy, and increased read lengths. 

The sequencing community has also developed 
higher- throughput methods for preparing DNA templates, 
5 PGR reactions, and DNA sequencing reactions. Sample 

preparation has been increasingly multiplexed and auto- 
mated using 96- and 384-well microti ter plates, multi- 
channel pipettors, and laboratory robotic workstations. 
In general, these workstations mimic the manipulations 
10 that a technician would perform and have minimum working 
volumes of about a microliter, although stand-alone 
multi-channel pipettors are being used to manipulate 
smaller volumes. 

A typical full-scale sample preparation method 
15 for DNA shotgun sequencing on capillary systems begins by 
lysing phage plaques or bacterial colonies to isolate 
subcloned DNA. Because capillary electrophoresis is more 
sensitive to impurities in sequencing reactions than slab 
gels, the subcloned DNA insert is PGR amplified to expo- 
20 nentially increase its concentration in the sample. 

Next, exonuclease I (Exol) and arctic shrimp alkaline 
phosphatase (SAP) are added to perform an enzymatic 
" cleanup reaction to remove primer and excess dNTPs that 
interfere with cycle sequencing. Exol is used to degrade 
25 the single-stranded primers to dNMPs without digesting 
double-stranded products. SAP converts dNTPs to dNMPs 
and reduces the dNTP concentration from 200 |aM, as used 
for the PGR reaction, to less than 0. 1 for use with 
fluorescent sequencing. The reaction is performed at 
30 37 ""G and then heated to SS^'C to irreversibly denature the 

Exol and SAP. 

Because the PGR amplification produces excess 
template DNA for cycle sequencing, the ExoI/SAP treated 
PGR sample can be diluted five-fold before cycle sequenc- 
35 ing. This reduces the concentration of contaminants into 
a range that causes less interference with GAE analysis. 
Gycle sequencing reagents are added, typically with 
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f luorescently labeled dye primers or terminators and the 
reaction is thermal cycled to drive linear amplification 
of labeled fragments. Finally, after cycling, the sam- 
ples are ethanol precipitated, formamide or another 
5 denaturant is added, and the sample is electrokinetically 
injected into the CAE system. 

This workflow has resulted in a dramatic im- 
provement in the performance of the MegaBACE system and 
currently appears to be the method of choice for other 
10. CAE systems as well. Using actual samples from single 

plaques and colonies of human genomic random subclones or 
Expressed Sequence Tags (ESTs) , this workflow with linear 
polyacrylamide as a separation matrix has improved the 
success rate of samples over 200 base pairs from about 
15 60% to 85-90%, and has improved the average readlength 
from about 350 to greater than 500 bases. Furthermore, 
this method has proven to be quite robust. 

While the above sample preparation methods have 
greatly increased throughput, the cost of reagents re- 
20 mains a major component of the cost of sequencing. CAE 

requires only subattomoles of sample. Reducing the reac- 
tion volume will therefore reduce the cost of DNA se- 
quencing. However, substantial reductions in reaction 
volume can only be achieved if satisfactory methods can 
25 be developed for manipulating and reacting samples and 

reagents. Ideally, such a method would be automated and 
configured in order that multiple samples could be pro- 
duced at one time. Moreover, it would be desirable to 
integrate such a method as a module capable of interfac- 
30 ing with additional components, such as CAE and a detec- 
tor for separation and analysis. 

Several devices have been designed to aid in 
the automation of sample preparation. For example, U.S. 
Pat. No. 5,720,923 describes a system in which small 
35 scale cycling reactions take place in tubes with diame- 
ters as small as 1 mm. The tube are subsequently exposed 
to thermal cycles produced by thermal blocks to effect a 
desired reaction. Multiple samples may be processed in a 
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single tube by drawing in small amounts of sample, each 
of which are separated in the tube by a liquid which will 
not combine with the sample. Fluid moves through the 
tubes by means of a pump. These features are incorpo- 
5 rated into a system which automatically cleans the tubes, 
moves sample trays having sample containing wells, and 
brings the tubes into contact with the wells in the sam- 
ple trays. 

U.S. Pat. No. 5,785,926 discloses a system for 
10 transporting small volumes of sample. In this system, at 
least one capillary tube is used to transport small 
amounts of sample. A precision linear actuator connected 
to a computer controlled motor acts as a pneumatic piston 
to aliquot and dispense liquid using the tube. The sam- 
15 pie amount is monitored by an optical sensor that detects 
the presence of liquid within the capillary segment. The 
system includes a fluid station containing liquids to be 
deposited and a positioning device for positioning the 
transport capillary. 
20 U.S. Pat. No. 5,897,842 discloses a system for 

the automated sample preparation using thermal cycling. 
In this system a reaction mixture is pumped into a capil- 
lary tube. One end of the tube is sealed using pressure 
from an associated pump while the other end is sealed by 
2 5 pressing the tube against a barrier. The pump also 

serves to move fluid within the tube. Once the ends are 
sealed, the tube is exposed to thermal cycles. In this 
system a robotic transfer device moves the tubes between 
the sample preparation station where the pump loads the 
30 components of the reaction mixture into the tubes and the 
thermal cycling station. 

There is an additional need for an automated 
system that is able to perform small scale thermal cy- 
cling reactions in a highly parallel manner. The system 
35 should allow fpr rapid preparation of cycling reactions 
with minimal reagents. The combination of reducing the 
amount of reagents required for a reaction and reducing 
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the time required for a reaction will greatly reduce the 
overall cost of preparation of cycling reactions. 

Capillary array electrophoresis systems and 
capillary electrophoresis microchip analytical systems 
5 can detect subattomoles of reaction products. It is one 
object of the invention to disclose a method and system 
for cycling reactions that operate on a submicroliter 
scale that takes advantage of the high sensitivity of 
these analytical systems. This reduction of reaction 

10 volume will lower the reagent requirements and cost of 
each reaction. It is a further object to provide an 
automated system that is able to reduce the time required 
for cycling reaction preparation. It is an additional 
object of the invention to provide a system that may be 

15 integrated with current analytical instruments including 
capillary array electrophoresis systems and electrophore- 
sis chips. 

It is a further object of the invention to 
provide an automated system for preparing reactions and 

20 filling a reaction container using capillary action. 

This allows metering a quantity of liquid into a capil- 
lary tube length of fixed volume without using external 
force to pump liquids. It is a further object to dis- 
close a reagent metering device which also may act as the 

25 reaction container. It is also an object of the inven- 
tion to provide a system which allow the nanoscale reac- 
tion containers to be cleaned and reused, saving material 
costs . 

It is a further object of the invention to 
30 provide a system with highly parallel processing, allow- 
ing greater throughput. Preferably the system would 
match the density of microwell plates. It is also an 
object of the invention to have an automated system in 
which a number of different cycling reactions could be 
35 performed in parallel using a single temperature regula- 
tion source, allowing more efficient use of the thermal 
cycling apparatus. It is a further object to perform 
isothermal reactions in a highly parallel manner in 
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submicroliter volumes. It is also an object of the in- 
vention to provide an automated reaction preparation 
system that is able to utilize available automation tools 
by being compatible with standard plate size formats. 

5 

SUMMARY OF THE INVENTION 

The above objects have been achieved through a 
system and method for preparing cycling reaction mix- 
tures. The system uses a capillary cassette comprised of 

10 a number of capillary tube segments arranged in parallel 
alignment. The tube segments extend through a substrate 
and are generally positioned with uniform spacing. The 
capillary cassette may be used both to meter reagents and 
as a reaction chamber in which the reaction is conducted. 

15 A reaction mixture containing a nucleic acid 

sample and reaction reagents for performing a thermal 
cycling reaction (such as the polymerase chain reaction, 
ligase chain reaction, or preparing a chain termination 
sequencing reaction) is introduced into the capillaries 

20 of a capillary cassette. In one embodiment each capil- 
lary contains a unique nucleic acid sample but the same 
reaction reagents . 

The reaction mixture may be generated in vari- 
ous manners. In one sample preparation method, sample 

25 DNA adheres to the interior of the capillary tubes of the 
capillary cassette or onto a substrate. The liquid in 
which the DNA was suspended may be eliminated from the 
capillary or substrate while the nucleic acid is re- 
tained, bound to the capillary or substrate. The reac- 

30 tion reagents may then be introduced into the capillary 
or substrate, combining the seonple and reaction reagents 
to form an assay mixture. In another sample preparation 
method, the capillaries in a capillary cassette or the 
wells in a multiwell plate are coated with dehydrated 
35 reaction reagents. The nucleic acid sample is introduced 
into the capillaries of the capillary cassette or the 
wells of a multiwell plate and the reaction reagents are 
dehydrated to form a reaction mixture. If the multiwell 
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plate is used, the reaction mixture is subsequently 
transferred into the capillaries of a capillary cassette. 
In another sample preparation method, both the reaction 
reagents and the nucleic acid sample are metered by the 
5 . capillaries of a capillary cassette. The capillaries are 
dipped into the wells of a sample plate and a fixed 
amount of fluid (defined by the interior volume of the 
capillary) is dravm into the capillary. The volume of 
liquid metered by the capillary tubes is dispensed by 

10 positive displacement, centrifugal force, or other dis- 
placement method into the wells of a microplate. A cap- 
illary cassette is used to meter both the reaction re- 
agents in a similar manner and dispense the metered liq- 
uids onto a location on a substrate combining the sample 

15 and reaction reagents to form a reaction mixture. In any 
of these . reaction mixture preparation methods reaction 
reagents, nucleic acid sample and assembled reaction 
mixture are introduced into the capillary tubes of a 
capillary cassette or drawn into the capillary cassette 

20 by capillary action. Liquids may also be introduced 

into the capillaries by active filling, such as by pres- 
sure or vacuum. For example one end of the capillaries 
may be sealed with a liquid impermeable (hydrophobic) , 
gas permeable membrane. By applying a vacuum force to 

25 one side of the membrane, the capillary will fill with 
licpaid to the level of the membrane where hydrophobic 
forces will prevent further filling of the capillary. 

The capillary cassette filled with the reaction 
mixture is next sealed by pressing the two ends of the 

30 capillary tube segments against deformable membranes. 

The capillary cassette with ends sealed against deform- 
able membranes is contained within an interior chamber of 
a temperature cycling device. The temperature cycling 
device exposes the contents of the capillaries to thermal 

35 cycles, causing the thermal cycling reaction to occur. 

In one embodiment the thermal cycling apparatus is an air 
thermal cycling device. This device receives the capil- 
lary cassette into an interior chamber where the ends of 
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the capillaries are sealed. The temperature changes 
occur using rapidly flowing air. The temperature of the 
cycling air may be rapidly lowered by venting air to 
outside the interior cycling chamber. A thermocouple 
5 sensor iri the air path of the capillary cassette allows 

for precise monitoring of the temperature of. the reaction 
mixture. Given the rapid transfer of heat through the 
capillary and precise temperature sensing allowed by the 
thermal couple, rapid reaction times are possible. The 

10 complete thermal cycling times needed for 3 0 cycles of 

denaturing heating followed by a period of lower tempera- 
ture for extension of a 600-7 00 base DNA strand are per- 
formed in 30 minutes or less and could theoretically be 
effected in as little as 8 minutes. Following a pro- 

15 grammed number of thermal cycles, the capillary cassette 
is removed from the temperature cycling chamber. 

The reaction mixture is next dispensed from the 
capillary cassette and transferred onto a substrate. In 
one embodiment the substrate onto which the completed 

20 reaction mixture is dispensed is an analytical chip. 

Following transfer from the capillary cassette the reac- 
tion mixture may be separated and analyzed. Alterna- 
tively, the sample may be dispensed into a microplate or 
other substrate. The substrate may then be placed, manu- 

25 ally or by an automated system, in a location where it 
may be analyzed by capillary array electrophoresis. In 
addition to electrophoresis, the instant reaction prepa- 
ration system may also be adapted for use in preparing 
nucleic acid, protein or other biomolecules for 

30 microarray analysis, mass spectrometry analysis or other 
analysis methods. The capillary cassette may also be 
used for conducting ELISA or other assays requiring bind- 
ing to a substrate. 

The use of the present system allows a simpli- 

35 fied transition between nanoscale and larger scale prepa- 
ration steps. For example the PCR step may be performed 
on a nanoscale in the capillary cassette of the present 
invention. The resulting products could be dispensed 
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into a microplate well for enzymatic clean-up on a larger 
scale. Following clean-up, the amplified nucleic acid 
may be again metered into a nanoscale capillary cassette 
for subsequent reaction mixture preparation (e.g. cycle 
5 sequencing) . This achieves a simple transition method 
from nanoscales to larger scales. 

Depositing the reaction mixtures from the cap- 
illary cassette into the wells of a 96 well plate allows 
subsequent processing by capillary array electrophoresis 

10 systems. Post reaction processing is also possible. 

This could include depositing the reaction mixture into 
ethanol to precipitate the DNA fragments produced in the 
reaction or dispensing the reaction mixture into 
formamide to denature double stranded DNA reaction prod- 

15 ucts. 

Following each use, the capillary cassette may 
be placed into a capillary cassette washer and washed. 
Following washing, the capillary cassette may be reused. 

The system can be designed with magazines for 

20 holding the sample plates, the multiwell mixing plates, 
and the plates containing the finished reactions. This 
would allow the system to continuously operate and pre- 
pare reaction mixtures. In addition, an integrated sys- 
tem with a central electronic control V70uld allow for a 

25 system which may -simultaneously assemble reaction mix- 
tures, perform thermal cycling, and wash capillary cas- 
settes . 

The system is useful in the preparation of 
sequencing reactions, but may also be used in highly 

30 parallel preparation of cell lysing and plasmid extrac- 
tion, polymerase chain reactions, ligase chain reactions, 
rolling circle amplification reactions, screening com- 
pound libraries for drug discovery or compound activity, 
protein digestion/sequencing, ELISA, radioimmunoassays 

35 and other chemical or biochemical reactions or assays. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic of an integrated system 
for the preparation of cycling reaction products. 

Fig. 2 is a flow chart illustrating the steps 
5 in reaction production using the present system. 

Fig. 3A is a perspective view of the capillary 
cassette of the present invention. 

Fig. 3B is a perspective view of the capillary 
cassette inserted into a capillary cassette holder. 
10 Fig. 3C is a flexible capillary cassette. 

Fig; 3D illustrates the capillary cassette of 
Fig. 3C bent to a frame and mating with the wells of an 
analytical chip. 

Fig. 3E shows a two layer substrate with 
15 microchannels contained within. 

Fig. 4A illustrates the dispense head for dis- 
pensing liquid from the capillary cassette. 

Fig. 4B shows an internal cross section of an 
air displacement dispense head of Fig. 4A. 
20 Fig. 4C shows the dispense head of Fig. 4A with 

the dispense head closed. 

Fig. 5A illustrates a top view of a centrifuge 
used to move fluid from the capillary cassette of Fig. 
3A. 

25 Fig. 5B illustrates a cross-section of a rotor 

arm of Fig. 5A holding a swinging microplate bucket. 

Fig. 6 shows a schematic of an air based ther- 
mal cycling device with the capillary cassette and holder 
shown in Fig. 3B inserted into the temperature cycling 

30 device. 

Fig. 7A shows an internal cross section of an 
air based thermal cycler with integrated capillary cas- 
sette sealing membranes. 

Fig. 7B shows a detail of the air based 
35 thermocycler of Fig. 7A, with the lid raised to illus- 
trate the chamber into which the capillary cassette is 
inserted. 
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Fig. 7C shows a cross section of the cassette 
compartment with the capillary cassette inserted into the 
internal chamber of the thermal cycler of Fig. 7A. 

Fig. 8A is a front view of the capillary cas- 

5 sette wash station. 

Fig. 8B is a side view of the view of Fig. 8A 
with the wash manifold lowered and the wash rank raised. 

Fig. 8C is the view of Fig. 8B with the wash 
manifold raised and the wash tank lowered. 
j^Q Fig. 8D is an interior cross-section of the 

wash manifold. 

Fig. 8E is a schematic pluiribing diagram of the 

wash station. 

Fig. 8F is a top perspective view of the wash 

15 tank. 

Fig. 9 shows a histogram of the percent success 
versus readlength window for the sequencing analysis of 
example 2 . 

Fig. 10 is an electropherogram of the reaction 

20 products of example 2. 

Fig. 11 shows a histogram of the percent suc- 
cess versus readlength window for the sequencing analysis 

of example 3 . 

Fig. 12A shows a scanned gel image of 
25 electrophoretically separated PGR products prepared at 

full volume. 

Fig. 12B show a scanned gel image of 
electrophoretically separated PGR products prepared at 

nanoscale (500 nL) . 

Fig. 13 is an electropherogram of analysis of 

prepared sequencing mixtures . 

Fig. 14 is a graph comparing signal strength of 
reaction products prepared in tubes, capillaries, and 
capillaries using surface binding. 



30 
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BEST MODE FOR CARRYING OUT THE INVENTION 

In the present invention, it was realized that 
a capillary segment could be used both to meter reagents 
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and as a reaction container for preforming temperature 
cycling reactions. The length of the capillary and the 
internal diameter (ID) of the bore of the capillary tube 
define the volume of the interior of the capillary tube 
5 segment. Capillaries with a 50-150 urn ID are commonly 

available. The small internal diameter of the capillary 
tubes allows creation of a reaction container having an 
interior volume less than one microliter. With the pres- 
ent invention, capillaries with interior volumes from 10- 

10 500 nanoliters are adaptable to the preparation of DNA 
cycle sequencing reactions or any other reaction. 

The process carried out by the present auto- 
mated system is shown in the flow chart of Fig. 2. The 
process begins by the assembly of the reaction mixture, 

15 box 52, by combination of reagents and a sample nucleic 

acid. The combined reagents are then introduced into the 
capillaries of a capillary cassette, box 54. The ends of 
the capillaries are next sealed, box 56. The sealed 
capillary segments are exposed to thermal cycles, box 58, 

20 which effect the cycling reaction. The capillaries of 
the capillary cassette are then dispensed onto a sub- 
strate, box 60. The substrate is then transferred to an 
analytical system for analysis of the reaction mixture, 
box 62. Details of this process and the structure of the 

2 5 apparatus for carrying out this process aire detailed 

.herein. 

In reference to Fig. 1, an automated system is 
shown for assembly of reaction mixtures, temperature 
cycling to effect the chemical reaction, and dispensing 
30 the volume of the completed reaction mixture onto a sub- 

strate for subsequent analysis. In the system an auto- 
mated robot 102 may move the length of stage 114 and may 
rotate such that automated robot 102 may be moved in 
relation to other components of the automated system. 

3 5 The automated robot 102 may be rotated to allow the 

transfer head 104 on automated robot 102 to access ob- 
jects on all sides adjacent to stage 114. The assembly 
of a reaction mixture would begin by the transfer head 
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104 picking up a capillary cassette from cassette hotel 
106. 

Capillary cassette 15 is shovm in .Fig. 3A. The 
capillary cassette is comprised of a number of capillary 
5 tubes 12 extending through a substrate 10. It is. pre- 
ferred that the capillary cassette have at least one row 
of eight capillary tubes and that the capillary tubes 
have equal spacing. The capillary cassette shown has 
substrate 10 with 96 capillary tubes arranged in an 8 by 

10 12 array, with spacing of the tubes matching the spacing 
of the wells of a 96 well microplate. The length of 
capillary tubes 12 extending from either side of sub- 
strate 10 is unequal. It is preferred that the shorter 
end of capillary tube segments 12 be shorter than the 

15 depth of a microplate well. This allows the short end of 
capillary tubes 12 to be inserted into the wells of a 
microplate while substrate 10 rests on the top of the 
microplate. 

The capillary tubes may be made of any material 

20 compatible with the assay and preparation to be per- 
formed, but preferred capillary materials include, but 
are not limited to, glass and silica capillaries, al- 
though plastic, metals and other materials may also be 
used. Capillary tubes of various dimensions may be used, 

25 such as 75 um ID capillary tubes or 150 um ID/ 360 urn 
O.D. capillary tubes. 

The capillary tubes 12 extend through a sub- 
strate 10 and preferably are arranged in a uniform pat- 
tern. The capillary tubes are of equal length and extend 

30 through the substrate in a substantially parallel orien- 
tation such that each of the two opposing ends of the 
capillary tubes 12 are coplanar and the planes defined by 
the ends of the capillary tubes 12 are substantially 
parallel to the substrate 10. The spacing of the capil- 

35 lary tubes may be uniform and selected to match the cen- 
ter to center spacing of wells on a microplate. For 
example on a standard 96 well microplate the capillary 
tubes would be arranged with a 9 mm center to center 
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spacing, on a 384 well microplate the capillary tubes 12 
would be arranged with a 4 . 5 mm center to center spacing. 
Higher density capillary formats, compatible with 1536 
well microplates or plates with even higher well density, 
should also be possible. The capillary tubes 12 are 
preferably secured within the substrate such that the 
length of capillary tubes 12 extending from one side of 
the substrate 10 are shorter than the length of the cap- 
illary tube on the opposite side of substrate 10. The 
length of the capillary tubes 12 on the shorter side of 
the substrate may be matched to the depth of wells in a 
microplate, such that the length of the shorter side is a 
shorter length than the depth of a well in a microplate. 
This feature enables the capillary cassette to be in- 
15 serted into a microplate such that the substrate 10 rests 
against the top lip of the multiwell plate and the capil- 
laries on one side of the substrate may extend into the 
multiwell plate without touching the bottom. For exam- 
ple, in a 96 well microplate the capillary tubes may be 
20 disposed on a substrate such that the shorter side of the 
capillary tube extending from the substrate may be in- 
serted into wells in a microplate without the capillary 
touching the bottom of the well. This ensures that liq- 
uid dispensed into a well is clear of the capillary to 
25 prevent re-entering the capillary. 

The capillary cassette substrate 10 may be made 
of a fiberglass board or other rigid or semi-flexible 
material. The capillary tubes 12 may be inserted through 
evenly spaced holes in the substrate and secured with 
30 adhesive. In one embodiment, the length and width of the 
substrate are similar to the length and width of a stan- 
dard 96 well microplate. This simplifies adapting auto- 
mated systems designed for manipulation of microplates to 
handle the capillary cassette. 
3 5 In some embodiments it may be advantageous to 

coat the interior of the capillary with various surface 
coatings such as ionic and non-ionic surfactants. Coat- 
ings which may be used include bovine serum albumin 
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(BSA) , glycerol, polyvinyl alcohol and Tween 20. The 
coatings are introduced into the capillary and dried onto 
the interior surface of the capillary tube. Alternative- 
ly, covalent modification of the interior surface with 
5 silanization or Griganard reaction may be desired. For 
example, covalent modification of capillary tubes inte- 
rior surfaces which reduce electroendoosmosis may also be 
useful in reducing charge surface effects between a cap- 
illary interior surface and components of a reaction 

10 mixture. U.S. patent application Ser. No. 09/324,892, 
hereby expressly incorporated by reference for all pur- 
poses herein, discloses the use of acryloyldiethanolamine 
as a covalent capillary coating with advantageous alka- 
line stability. In addition to this coating, acrylimide 

15 or other known coatings may also be used to covalently 
modify capillary interior surfaces. 

A. Assembly of Reaction Mixture 

Returning to Fig. 1, the automated system al- 

20 lows for the combination of reaction reagents and sample 
DNA using the capillary cassette. The capillary cassette 
would be taken by transfer head 104 from the cassette 
hotel 106 and brought into contact with the samples con- 
tained in a sample plate at location a. The sample plate 

25 is dispensed from sample plate hotel 108. The sample 

would be drawn into the capillary tubes of the capillary 
cassette by capillary action. The internal volume of the 
capillary tube is defined by the length of the capillary 
tube and its internal diameter. The capillary cassette 

30 of Fig. 3A acts as a fixed volume parallel pipettor, 
allowing a number of capillary tubes to be filled in 
parallel. Each capillary tube segment will meter a dis- 
crete amount of liquid which may be subsequently dis- 
pensed. 

35 Once one end of each capillary is inserted into 

the sample containing well, a liquid will be drawn into 
the capillary. This small amount of sample may be com- 
bined with other liquids to form a reaction mixture. The 
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sensitivity of analytical instruments such as a capillary 
array electrophoresis system and the exponential amplifi- 
cation of reaction mixture products enabled by cycling 
reactions allow for nanoscale reactions and analysis. 
5 Very small scale reactions are able to 

reliably produce reaction mixture products of sufficient 
quantity for analysis on a capillary array electrophore- 
sis system or a capillary electrophoresis chip. Signifi- 
cantly less reaction reagents are required if a nanoscale 
10 reaction mixture is enabled. 

The automated system may be used in various 
ways to prepare reaction mixtures. A few of the many 
such methods for use of the system in production of reac- 
tion mixtures follow. 



15 



20 



Reaction Mixture Preparation Example 1: 
Metering Reagents with Capillary Cassette and 
Mixing on a Substrate 

One method to prepare the reaction mixture is 
to use the pipettor to separately meter the components of 
a reaction mixture. For example for a PGR mixture, the 
nucleic acid san^le and PCR reagents would be separately 
metered and dispensed into a single container combining 
the liquids. In using the automated system of Fig. 1, 

2 5 the automated robot 102 moves transfer head 104 contain- 

ing a capillary cassette to location a where a sample 
plate is located. The ends of the capillary tubes of the 
capillary cassette are dipped into the wells. The capil- 
lary tubes fill by capillary action, metering a precise 

3 0 amount of sample. The wells of sample plate contain the 

nucleic acid sample. The DNA sample should be suffi- 
ciently dilute such that 5-20 ng of DNA is contained in 
the 10-10,000 nL volume metered by each capillary tube 
segment in the capillary cassette. 
3 5 Fig. 4A shows the capillary cassette transfer- 

ring fluid samples from a multiwell plate 36 into a cap- 
illary cassette 15. The capillary tube segments 12 on 
capillary cassette 15 are extended into the wells of 
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multiwell plate 36. The wells of multiwell plate 36 are 
conical and liquid in the well will flow to the bottom 
central area of each well. This allows a small amount of 
liquid within the well to be positioned such that a cap- 
5 illary inserted into the center of the well and above the 
bottom of the well will contact the liquid. The capil- 
lary tube segments of the capillary cassette then fill by 
capillary action with the liquid in the wells. It is 
preferred that the capillary cassette have capillary tube 

10 segments which have the same center to center spacing as 
the wells of the multiwell plate containing the DNA sam- 
ples. In one embodiment the capillary cassette has the 
same number of capillary tube segments as the number of 
wells in a multiwell plate holding samples. 

15 After the capillary cassette is dipped into the 

nucleic acid sample containing wells, the filled capil- 
lary cassette may be moved by transfer head 104 to a 
dispensing device location 122. At the dispensing device 
location 122, the sample is dispensed onto a substrate. 

20 A clean capillary cassette is then retrieved and dipped 

into a sample plate containing the PGR reagents. As seen 
earlier, the capillairy cassette meters a precise amount 
of liquid defined by the interior volume of the capillary 
tubes held in the capillary cassette- The metered amount 

25 of reaction reagents may be the same volume as the volume 
of sample dispensed. The reaction reagents are dispensed 
from each capillary tube segment onto locations on the 
mixing substrate containing the nucleic acid sample. 

The present reaction mixture assembly may be 

30 used for assembly of numerous types of reactions. The 

same basic method used to assemble the PGR reaction mix- 
ture may be adapted to assembly of a cycle sequencing 
mixture, rolling circle amplification reaction mixture, 
or other reaction mixtures. 

35 When dispensing the contents into a microplate 

some care must be taken to mix the sample and reaction 
reagents in a manner which avoids splattering. A number 
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of different methods have been envisioned to dispense 
liquid from the capillary cassette. 

Capillary Cassette Dispensing Example 1: 
5 Centrifugal force 

The first method to dispense the contents of 
the capillary cassette while avoiding splattering uses a 
centrifuge to dispense the fluid by centrifugal force. 
The centrifugal force is applied evenly to all of the 

10 capillaries in the capillary cassette such that capillar- 
ies independently dispense into microplate wells. The 
dispensed liquid is drawn by centrifugal force to the 
bottom of wells in the multiwell plate. 

In Fig. 5A, the centrifuge 42 is shown having a 

15 swinging microplate bucket 43 which may contain a 

multiwell plate with an inserted capillary cassette. The 
swinging microplate buckets are heild on rotor 41. 

Fig. 5B shows a cross-section of swinging 
microplate bucket 43. The capillary tubes 12 of the 

20 capillary cassette are inserted into wells 36a of 

multiwell plate 36. The cassette is inserted such that 
the portion of the capillary tubes 12 extending from the 
substrate 10 are shorter than the depth of the wells 36a. 
As shown in Fig. 5B, the capillary tube 12 extending from 

25 substrate 10 do not reach the bottom of the wells 36a of 
multiwell plate 36. Microplate swinging bucket 43 is 
comprised of an arm 45 and a platform 44. An upper end 
of arm 45 fits onto latch head 42 on rotor 41. 
Microplate 36 is positioned on platform 44 of microplate 

30 swinging bucket 43. When the centrifuge is in motion, 
platform 144 rotates on latch head 42 such that the 
multiwell plate faces the side wall of the centrifuge and 
the centrifugal force on the liquid in the capillary 
tubes dispenses the liquid into the bottom of the wells 

35 36a of the multiwell plate 36. When conical shaped wells 
are used, the centrifugal force will draw the liquids 
within the well to the well center, causing the sample to 
locate at a more precise location The liquid will be 
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displaced from the capillary at fairly low centrifuge 
speeds . 

In Fig. 1, a low speed centrifuge may option- 
ally be included in the automated system at the dispens- 

5 ing device location 122. Automated robot 102 uses trans- 
fer head 104 to pick up a nanotiter plate dispensed onto 
location b by nanotiter plate hotel 110. The nanotiter 
plate is transferred by transfer head 104 to the stage of 
the low speed centrifuge. A capillary cassette is filled 

10 with samples or reaction reagents as described and is 

transferred onto the nanotiter plate on the stage of the 
low speed centrifuge. The plate and cassette are then 
spun in the centrifuge, dispensing the liquid from the 
capillaries into the wells of the nanotiter plate. Once 

15 the liquid has been dispensed and the centrifuge has 

stopped rotating, the capillary cassette may by removed 
by the transfer head and transferred to the cassette 
washer 118. The transfer head 104 can then pick up a 
clean capillary cassette from the capillary cassette 

20 hotel 106. The clean capillary cassette can be used to 
meter a second liquid reaction component which is simi- 
larly dispensed using the centrifuge. In the automated 
system the centrifuge includes a sensor associated with 
the rotor used in conjunction with a rotor braking system 

25 to stop the rotor in a position which transfer head 104 
can access such a sensor could be magnetic, optical, 
mechanical, or use other known means of sensing rotor 
position. 

30 Capillary Cassette Dispensing Example 2: 
Air Displacement 

A second method of dispensing the liquid con- 
tained in the capillary tube segments of a capillary 
cassette is through the use of an air displacement de- 

35 vice. With reference to Fig. 1, a nanotiter plate dis- 
pensed from nanotiter plate hotel is transferred by 
transfer head 104 to the dispensing device location 122. 
At this location an air dispenser, such as the one pic- 
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. • ^^n 4A-C is located. Subsequently a capillary 
tured xn Fig. 4A u xs j.-^ ^ <=-m<:>d with 

.V ^= -retrieved by transfer head 104, filled wit.n 

The capillary cassette is then moved to the 
.eagents. 2lZ7l«.Ji.. 122 and brought into contact 
5 dispensing device 1°"" substrate o£ the capil- 

•♦-V, air- disolacement head. me 
with air dispia , ^„ ^ receiving platform on the 

lary cassette is placed on a receiving p ^. ,3^3- 

air displacement head. Alternatively, the air displ 
Jnt head may be .oinable to automated transfer robot 

'° With reference to Fig. 4A. the air displacement 

Head 301 is shown with a capillary -s-tte 15 held on 

^1=.^.^ 302 The bottom plate 302 is attacneo c 
'°"::id asse^ly by hinge 318. Capillary cassette sub- 
T'.te to is^ld on fo." rubber pad 304 which is secured 

15 strate 10 is hel ^^^^^ ^^^^^^ 

rourro:rr:::er:ad ro. and botto. piate 302 ^.h 
- " '^r rorinrbo r pratr3:2 when th. 

through foam rubber paa ju^i <xii^ 

cassette is positioned on bottom plate 302. 

20 "^""""^ It the air displacement head is 

The manifold assembly ^^^^^ ^^^^ , 

'T"f cLips 3ir Clamps 314 secure me^rane 312 to the 
r : surface of the chamber unit 310. Membrane 312 
lower -'^-^ f of the capillary cassette 

" TheMnifold a^se^ly is closed over the c.s 

M^rnbrane 312 has holes 316 corresponding to cap 
ril"y 12 Tsttlons in the cassette „hen the c^Pi"-/^^ 
;rtIons in the cassette when - " 

- ii/^s:™:™;::: :rciored a^mst botto piat 
-^TnrriL"ro"m=rrirren=re^rdrs. 

receiving holes 31 _ ^ ^^^^^^^ ^^^^^ 

placement head ^01 capillary 

- raLrtl—erre l...^ pad - ana ™e_ 312 
resulting in a seal between the top surface of cassett 

15 and the membrane 312. 
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Fig. 4B illustrates a cross sectional view of 
displacement head 301. Upper housing 306 is constructed 
of metal, acrylic or other rigid material. Gas input 
coupler 303 is disposed on upper housing 301. When a 
5 pressurized gas or vacuum line 305 is attached to gas 
input coupler 303. a vacuum or pressure force may be 
introduced into upper chamber 307. Held between upper 
housing 306 and chamber unit 310 is a gas impervious 
elastic membrane 308. The area between elastic membrane 
10 308 and upper housing 306 defines upper chamber 307. 

secured onto clamps 314 is membrane 312. Membrane 312 is 
pressed against substrate 10 of a capillary cassette 
inserted into displacement head 301. Substrate 10 is 
secured within displacement head 301 by bottom plate 302. 
15 Rubber pad 304 provides a deformable surface which exerts 
uniform force pressing substrate 10 against membrane 312. 
Membrane 312 has an array of holes 316 which allow the 
capillaries 12 of the capillary cassette to extend 
through membrane .312. When a capillary cassette is in- 
20 serted into air displacement head 301. the substrate 

seals holes 316 enclosing lower chamber 313. When pres- 
surized gas is introduced into chamber 307 by gas line 
305, elastic membrane 308 will be pressed into lower 
chamber 313. Membrane 308 is located between upper cham- 
25 ber 307 and lower chambers 313. Membrane 308 serves both 
• as seal for the upper end of chambers 313 and the chamber 
displacement actuator when pressure is applied to the 
upper chamber 307 through coupler 303. The degree of 
displacement is dependent on the pressure applied. The 
30 resulting air displacement will act to dispense liquid 
from capillary tubes 12 which extend through the capil- 
lary and into the lower chamber 313. By regulating the 
amount of pressure applied through line 305. a consistent 
displacement force will be applied to each capillary 
35 tube. Given the submicroliter volume of the capillary 
tube segments, fluctuations in the amount of dispensing 
pressure should not adversely affect displacement from 
the tubes . 
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Fig 4C illustrates the closed air displacement 
head 301. upper housing 306 is pulled toward bottom 
plate 302 by latch 322 in order to compress membrane 31^ 
against the top of the capillary cassette substrate 
5 thereby forming a seal. Clamps 314 secure membrane 312 
onto chamber unit 310. Air displacement head 301 xs 
n^ounted on arm 320. Arm 320 may extend from automated 
transfer robot 102 shown in Fig. 1 or be positioned at 
dispense location 122. Pressurized gas may be introduced 
10 into upper housing 306 through gas input couple 303^ 

This displacement head provides an xndivrdual 
displacement chamber for each of the capillaries dis- 
pensed. Although a 16 capillary cassette is depxcted, 
the displacement head may be constructed to dispense 
15 capillary cassettes having an array of 96 capillaries or 
greater capillary densities. The dispensing force ap- 
plied to each capillary is sufficiently small to allow 
dispensing directly onto a substrate with the sample 
dispensed at a discrete location. 

Air displacement or centrifugal displacement 
„»ay be used to dispense liquid from the capillary tube 
segments in a capillary cassette. It may also be possx- 
ble to disoense liquid from the capillary tubes usxng a 
bank of syringe pumps, applying pressure through a gas 
25 permeable/liquid impermeable (hydrophobic) membrane, 

using electrokinetic dispensing, or other known dxspens- 
ing means. The air displacement head may also be used to 
dispense finished reaction mixtures onto a substrate for 
subsequent analysis. 

30 

Reaction Mixture Assembly Example 2: 

Dehydrated Reagents 

A second method to assemble the reaction mix- 
ture is to have the regents required for the reaction 
35 stored as a dehydrated coating either on the interior of 
a capillary or on a substrate, such as within a well of a 
multiwell plate. If the reaction reagents are dehydrated 
onto the interior of capillary tube segments in a capxl- 
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lary cassette, introducing a sample into the capillary 
would cause rehydration, mixing and formation of the 
reaction mixture. In a similar manner, if the wells of a 
microplate are coated with the dehydrated reaction re- 
agents, adding a nucleic acid sample. into the wells would 
bring the reaction reagents into solution forming an 
assay mixture. The sample could be metered with a capil- 
lary cassette and dispensed from the capillary cassette 
by one of the methods set out above. The sample would 
bring the dehydrated reaction reagents into solution and 
mix with the sample containing nucleic acid by diffusion. 
This provides a method to assemble the reaction mixture 
in a very simple manner, potentially without the need to 
dispense the capillary tubes with a centrifuge or air 
15 displacement device. This could both simplify the reac- 
tion processing system and shorten the reaction assembly 
time . 

For PCR, a dehydrated reagent mixture is com- 
mercially available, sold as Ready-to-Go® (Amersham 
Pharmacia Biotechnology, Piscataway, New Jersey) . The 
stabilized, dehydrated reagents may be coated onto the 
interior surface of capillary segments or the interior of 
the wells of a multiwell plate. The Ready-to-Go® product 
uses a carbohydrate matrix to stabilize the reaction 
reagents (DNA polymerase, buffer reagents, dNTPs) in a 
desiccated state. Bringing the reagents in the Ready-to- 
Go® mixture into solution with the liquid nucleic acid 
sample and primers in solution produces the final reac 
tion mixture required for the reaction. The combination 
of the stabilized Ready-to-Go® compounds, the template 
DNA, primers, and sufficient water produces a final reac- 
tion product. It is contemplated that reagents for chain 
termination sequencing reactions could also be stored in 

a desiccated state. 

The coating could be applied to surfaces by a 
nuinber of different methods including vapor phase coat- 
ing, filling a capillary (by capillary action, pressure 
filling, etc.) with the Ready-to-Go® mixture and emptying 
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the bulk phase (under vacuum, pressure or other forces), 
or dipping a substrate (such as a bead) into the reagents 
and subsequently drying the bead. 

5 Reaction Mixture Assembly Example 3: 
Nucleic Acid Capture 

A third method of assembly of the reaction 
mixture is to capture the sample nucleic acid on the 
surface of a substrate, such as the interior of a capil- 
10 lary tube segment. The sample nucleic acid may be at- 

tached onto the surface by a number of methods. These 
include covalent attachment, DNA hybridization, hydropho- 
bic interactions, electric field, magnetic field, or 
other chemical or physical forces. Once the sample has 
been attached, the remaining liquid in which the sample 
was suspended may evacuated from the capillary or micro- 
chip by chemical reaction or physical force. Air dis- 
placement or centrifugal dispensing method may be used to 
empty the capillary, as can a vacuum. The sample nucleic 
acid would remain on the surface of the substrate. In 
this single step, the sample nucleic acid may be substan- 
tially purified. The reaction reagents may then be com- 
bined with the sample nucleic acid, producing the reac- 

tion mixture . 

One method to immobilize the nucleic acid sam- 
ple is to attach the nucleic acid directly to a surface. 
This may be done by non-covalent modification (such as 
surface treatment with NaSCN, DMSO, etc.) or covalent 
linkage. There are a number of different covalent at- 
tachment methods for DNA known in the art. For example, 
an amino group can be attached to the deoxyribose base of 
DNA and incorporated during a synthetic reaction, such as 
during PGR amplification of a DNA plasmid insert. The 
glass or silica of a capillary interior could be 
35 silanized and the amino group on the modified DNA would 

covalently bond to the silanized interior of the capil- 
lary. Alternatively, other chemistries are available to 
covalently immobilize DNA onto a surface. Once the DNA 
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is bound to the surface of a capillary or other sub- 
strate, the liquid in which the DNA was suspended may be 
eliminated from the capillary and the capillary may be 
filled with reaction reagents. 
5 An alternative method o£ attaching a nucleic 

acid to the interior of the capillaries of a capillary 
cassette is through affinity chemistry. One common af- 
finity chemistry procedure labels a biomolecule with 
biotin and then binds the biotinylated biomolecules to 
10 avidin or streptavidin . The avidin/streptavidin may be 
used to link the biotinylated molecules. Nucleic acid 
labeled with biotin may be subsequently attached to a 
surface, such as the interior of a capillary tube. This 
may be accomplished by binding streptavidin to the inte- 
15 rior of the capillary. 

One example of the use of affinity chemistry 
for the binding of DNA to the interior of a capillary is 
disclosed in U.S. Pat. No. 5.846,727, hereby expressly 
incorporated herein for all purposes. This reference 
20 describes the binding of DNA to the interior surface of 
the capillary tubes. The technique requires primers 
labeled with biotin which are combined with dNTPs, a DNA 
polymerase, and a reaction buffer. This is combined with 
template DNA, such as plasmids from a DNA library with 
25 sub-cloned DNA inserts, to form the reaction mixture. In 
the present invention a microplate may contain 9 6 or more 
reaction mixtures, each with a unique plasmid with a 
subcloned DNA sequence. This reaction mixture could be 
assembled by the method stated in reaction mixture assem- 
30 bly example 1: namely the reaction reagents and the 

plasmid sample could be separately metered and dispensed 
into a 384 well microti ter plate. In a microplate well 
the liquids are combined to form a reaction mixture. The 
reaction mixture is metered into the capillary tube seg- 
35 ments of a capillary cassette. The PGR reaction may be 

effected by temporarily sealing the ends of the capillary 
tube segments and exposing the capillary cassette to 
thermal cycles, as described below. The results of the 
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PCR reaction are exponentially amplified copies of the 
subcloned plasmid DNA insert containing the biot.n la- 

beled primer. ^ w t 

The template DNA containing the bxotxn labeled 

primer may then be immobilized on the walls . ^^^/J^^;^- 
lary tubes of a capillary cassette. The 

capillary cassette would have capillary tubes w.th avxdxn 
or streplavidin coated onto the interior surface of each 
capillary tube. The chemistry for attachment of 
avLin/streptavidin may be that disclosed . J^^-' 

ple L. Amankwa et al.. "On-Line Peptide Mapping by Cap- 
illary zone Electrophoresis." Anal. Chem. . vol. 65. PP. 
2693-2697 (1993). The capillary is filled with (3- 
aniopropyDtrimethoxysilane (3-ATPS), incubated for 30 
15 minutes, and air dried. The dried capillar xes xn the 

capillary cassette are next filled wxth ^. , 

sulfosuccinimidyl-6-(biotinamido)hexonate (NHS-I.C bxotxn) 

Which is again incubated followed by air dryxng^ J^lTlo 
or streptavidin in phosphate buffer at 7.4 pH xs added to 
20 each capillary tube. The avidin binds to the ^^^^^^ 

immobilized on the interior of each capillary. The dou- 
ble stranded amplified biotinylated PGR products sus- 
pended in a buffer (e.g. Tris-HCl. or EDTA -^^.^^^^^^ 
NaCl or LiCl at 1-3M added for efficaceous bxndxng) are 
added to the capillary tube and incubated ^o-^-^^ " 
This results in a capillary wall modified as follows: 
capillary wall-Si-C^H.-NH-CO-biotin-avidin or 
streptavidin-amplified oligonucleotide with associated 

biotin primer. 

once the DNA is immobilized on the xnterxor 

surface of the capillary, the contents of the "P^^^^^ 
.ube may be dispensed in one of the methods described and 
the DNA would remain bound to the surface of the capxl- 
larv This removes debris and other impurxtxes from the 
DNA presenting a rapid and effective method of DNA purx- 
ficatioh. The capillary may be rinsed with a buffer for 
additional purification. The defined area of the xnte- 
rior surface of the capillary provides a known amount of 
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binding sites for the DNA attachment. This provides a 
simple method for normalization of DNA concentration. 
The capillary cassette may then be dipped into wells or a 
reagent reservoir containing the reagents for cycle se- 
5 quencing. The cycle sequencing reaction can be performed 
by temporarily sealing the ends of the capillary tubes by 
pressing each end of the capillary tubes against a de- 
formable membrane. The capillary cassette may then be 
exposed to thermal cycles which effect the cycle sequenc- 

10 ing reaction. 

In this embodiment bio tin, rather than avidin 
or streptavidin, is covalently attached first to the 
capillary wall. This aids in the regeneration of the 
capillary cassette for subsequent binding reactions. 

15 After completing the cycle sequencing reaction, it would 
be difficult to remove the amplified biotinylated DNA 
without also denaturing the avidin protein. By having 
biotin bound to the interior surface of the capillary the 
amplified DNA may be easily removed by filling the capil- 

20 lary with phenol or formamide solution at 65-90 degrees 

C. This denatures the avidin protein without removal of 
the biotin bound to the interior surface of the capil- 
lary. This mixture is then dispensed. The capillary 
cassette may then again be filled with the avidin con- 

25 taining solution and reused for binding subseqfuent 
biotinylated amplified template DNA. 

Prior to filling^ the capillary tube segments 
of the capillary cassette may be coated with a variety of 
compounds. Coating the interior surface of the capillary 

30 tube segments with bovine serxun albumin (BSA) or polyvi- 
nyl alcohol has been shown to improve performance of some 
reactions, such as preparation of chain termination se- 
c[uencing reactions . 

35 B. Thermal Cycling 

Once the reaction mixture is introduced into 

the capillary tube segments of the capillary cassette, 

the ends of the capillaries of the capillary cassette are 
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sealed and the capillary cassette is exposed to tempera- 
ture cycles. The ends of the capillary cassette capil- 
laries are sealed by pressing each of the ends of the 
capillary tubes against a deformable membrane. Returning 
5 to Fig. 1, once the capillary cassette has been filled 
with the reaction mixture, the ends of the capillaries 
are sealed and the capillaries are exposed to thermal 
cycles in thermal cycling device ^116. 

In one thermal cycling device, shovm in Figs. 

10 7A-7C, the thermal cycling device has integrated mem- 
branes that seal the ends of the capillaries and exposes 
the capillary cassette to therm^al cycles. In this appa- 
ratus the means for sealing the ends of the capillaries 
in the capillary cassette is incorporated into the ther- 

15 mal cycling device. 

With reference to Fig. 7A, the capillary cas- 
sette 15 is held on lip 280 within internal passageway 
256 between deformable membranes 264a and 264b. As seen 
in Fig. IB, deformable membrane 2 64a is mounted on plat- 

20 form 261. Lid 262 is secured on platform 261. Platform 

261 is attached by pivot 286 to base 265. Pneumatics 
284a, 284b are attached at an upper end to platform 261 
at pivot 263. Screw 282 acts as a stop for platform 261 
when platform 261 is lowered onto housing 270, enclosing 

25 passageway 256. Diffuser 258 promotes temperature uni- 
formly of air circulating in internal passageway 256. 
Thermocouple 260 measures temperature of the circulating 
air. The function of pivot 277 and bottom membrane plat- 
form 200 is described in conjunction with Fig. 7C. 

30 Fig. 7C shows a cross section of the capillary 

cassette holding chamber with capillary cassette 15 in- 
serted into the internal passageway 256. The capillary 
cassette could be inserted into this area by automated 
robot 102 of Fig. 1 after the capillary tube segments 

35 have been filled with the reaction mixture. Capillary 

cassette 15 is positioned such that substrate 10 rests 
on ledge 280. Capillary cassette is positioned such that 
the ends of capillary tube segments 12 are depressed 



wo 01/08802 



PCTAJSOO/21116 



-30- 

against top deformable membrane 264a and bottom deform- 
able membrane 264b when upper platform 261 is lowered 
over the capillary cassette and lower platform 271 is 
raised. Notches 262a, 262b seal along the side lengths 
5 of housing 270 when upper platform 261 is lowered to 

provide a host retaining seal. Screw 282 acts as a stop 
for upper platform 261 to prevent the platform from low- 
ering so far that capillary tube segments are bowed or 
damaged. Base platform 266 is secured to post 273 and 

10 secured to housing 270. The lower end of pneumatics, 
284b is secured at a lower pivot 271a to low platform 
271. Extending through lower platform 271 are shoulder 
screws 268 which extend through housing 270 and station- 
ary platform 266 and are secured to lower platform 200. 

15 When upper platform 261 is lowered by pneumatic 284b 
lower platform 271 is also raised toward housing 270. 
When pneumatic cylinders 284b, 284a are retracted, the 
pneumatic cylinders move to a vertical orientation. 
Upper platform 261 is lowered and lower platform 271 is 

20 raised slightly in an arc. Lower platform 271 will arc 
upward on pivot 277 to move to a position substantially 
parallel to platform 261 when pneumatic cylinder 284b is 
fully retracted. When a capillary cassette 15 is in- 
serted into internal chamber 258 the ability of platform 

25 200 to "float" on springs 275 prevents excess pressure 

from damaging capillary tubes 12 or membranes 264a, 264b. 
Platforms 261 and 200 exert 400 pounds per square inch 
force on capillary tubes 12 providing sufficient sealing 
pressure. With upper platform 262 lowered, the capillary 

30 tube segments 12 are sealed at each end by deformable 
membranes 264a, 264b. Deformable membranes 264a, 264b 
may be made of silicon rubber or other deformable mate- 
rial . 

Returning to Fig. 7A, a motor 250 turns shaft 
35 251 which rotates squirrel cage blower 253. Blower 253 
produces air movement through dif fuser 254 to flow into 
internal passageway 256. The blower generates sufficient 
circulation flow that the air flowing through internal 
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passageway 256 circulates at 2000 feet per minute. Dif- 
fuser 2 54 ensures that the heat of the air blown by 
blower 253 is uniform throughout passageway 256. Cone 

255 on diffuser 254 aids in mixing the flowing air, 

5 promotion temperature uniformity through passageway 256. 
Diffuser 254 acts to ensure an even flow of air through 
passageway 256 in the region of the capillary cassette 
and reduces non-uniformity from wall loss effects in 
internal passageway 256. 

10 The internal passageway 2 56 is defined by outer 

housing 270. Outer housing 270 is preferably of rectan- 
gular cross section and comprised of sheet metal, plas- 
tic or other durable material . The internal surface of 
outer housing 270 at all locations except for inlet 278 

15 is lined with thermal foam insulation 272. Insulation 
272 prevents excess heating of outer housing 270 and 
helps retain heat and aids temperature uniformity of the 
air circulating through internal passageway 256. After 
flowing through first diffuser 254 the air flows through 

20 second diffuser 258. Diffusers 254 and 258 promote uni- 
form air flow and temperature unifoirmity through internal 
passageway 256. Past first diffuser 254 internal pas- 
sageway 256 transitions,- to match the dimensions of pas- 
sageway 256 to accommodate. The heated air flows past 

25 thermocouple 260 which is vertically disposed at the 
center of internal passageway 256 just beyond second 
diffuser 258. Thermocouple 260 acts to monitor the tem- 
perature within internal passageway 256. Thermocouple 
2 60 may be a temperature monitoring device inserted into 

30 a capillary tube section which extends through outer 

housing 270 and through foam insulation 272. Alterna- 
tively thermocouple 260 may be selected such that it 
accurately reflects the internal temperature of a capil- 
lary tube. 

3 5 The air circulating through internal passageway 

256 passes thermocouple 260 and flows past the capillary 
tube segments 12 of capillary cassette 15. The ends of 
the capillary tube segments are sealed at their upper end 
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by deformable menibrane 264a mounted on upper platform 2 61 
which has been lowered to form an air tight seal with 
housing 270. The lower end of capillary tube segments 12 
are sealed by deformable membrane 264b. Deformable mem- 
brane 264b is mounted on platform 200 which is secured on 
a bottom surface by shoulder screws 268. Shoulder screws 
268 extend through housing 270 and retained by platform 
271. Springs 275 located between platform 200 and plat- 
form 271 provide a biasing force while allowing for plat- 
form 200 to float such that deformable membrane is biased 
against the ends of capillaries 12. The function of 
double acting pneumatics act to seal lid 262 and apply 
force to position platform 271 is described in conjunc- 
tion with Fig. 7C. Lid 262 fits onto housing 270 such 
that the sheet metal or other material comprising the 
edge of lid 262 fits on top of housing 270. Membrane 
264a is mounted on upper platform 261 such that membrane 
264a extends into internal passageway 256 at least far 
enough that membrane 264a is even with insulation 272. 
AS the air travels past capillary tube segments 12, the 
length of the capillary tube segments 12 below substrate 
10 are rapidly heated and cooled to the temperature of 
the air rapidly moving through internal passageway 256. 

Door 274 controlled by motor 276 is used in 
conjunction with thermocouple 260 and heating element 252 
to control the temperature within internal passageway 
256. When door 274 is closed, the air circulating within 
internal passageway will not be exchanged with outside 
air. AS the air continuously passes over heating element 
252 the air is rapidly heated until the air comes to the 
selected temperature. Once thermocouple 260 senses that 
the temperature is at a selected temperature, heating 
element 252 may be kept at a lower heat output such that 
the internal temperature is maintained. If the tempera- 
ture needs to be rapidly dropped, as in during a thermal 
cycling reaction, door 274 may be moved to orientation 
27 4a by motor 27 6 with the door 274 moved into internal 
passageway 256, allowing all air which has passed capil- 
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lary cassette 15 to be exhausted to outside internal 
passageway 256. It is envisioned that a filter or ex- 
haust duct could be mounted about door 274 to prevent 
compounds in the circulating air from being exhausted to 
5 the environment. The rapidly circulating air will be 

quickly exhausted to outside of the thermal cycler while 
ambient air is drawn in through air intake 278. Air 
drawn into internal passageway 25 6 through intake 27 8 
flows through heater 252. The area through which the air 

10 moves is restricted by block 2 59 positioned above heater 
252 within internal chamber 256. Again the - temperature 
of the air within internal passageway 256 is monitored by 
thermocouple 260 and when the desired temperature drop 
has occurred, door 274 will be brought toward housing 

15 270/ reducing air volume drawn through air intake 27 8. 

By connecting heating element 252, thermocouple 
260 and door motor 27 6 to an electronic control system, 
such as a computer controller, this thermal cycler may 
perform precise air temperature varying sequences. Addi- 

20 tional heat is added when needed by heating element 252 
and heat is exhausted by opening door 274, with the tem- 
perature result of either action monitored by thermocou- 
ple 260. Exhausting circulating air through door 274 
allows air within internal passageway to drop in tempera- 

25* ture at a rate greater than 10 degrees per second. 

The rapid temperature change coirvbined with the 
rapid transfer of heat to or from the capillaries allows 
for efficient temperature cycling reactions. For example 
in reactions using a thermostable polymerase, the dena- 

30 turing of nucleic acid strands and the annealing of 

primer to template strands each may take place in one to 
five seconds. The extension of the primer will require 
less time to effect since the rapidly circulating air and 
the thin walls of the capillaries rapidly bring the in- 

35 ternal volume of the capillaries to the selected tempera- 
ture. The thin walls of the capillaries and the small 
capillary volume enable a rapid temperature change and 
heat transfer throughout the internal capillary volume. 
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holes in support 24 and are secured to top platform 16b. 
Springs 22 bias the top platform 16b against the ends of 
capillary tube segments 12 while allowing 16b to float. 
The substrate 10 of capillary cassette 15 may be designed 
5 to have holes which conform to the spacing and dimension 
of posts 18 such that capillary cassette 15 may be more 
easily and securely held within holder 23. 

Once the ends of the capillary cassette are 
sealed in holder 23, the combined capillary cassette and 

10 holder may be exposed to thermal cycles. The holder 
shown seals 16 capillaries. However, a holder may be 
designed to hold capillary cassettes having 96 capillar- 
ies or higher densities of capillaries. In addition to 
capillary cassettes, chips of other substrates may be 

15 used as the reaction containers. Fig. 3E shows a chip 

substrate 70 comprised of two bonded substrate layers 72, 
74. One layer 72 has grooves 7 6 extending the length of 
the chip. The affixed top substrate 72 encloses a capil- 
lary dimension passage 76 with opposite open ends. A 

20 liquid reaction mixture may be introduced into the 

inclosed passage. The ends of these passages may be 
sealed by pressing the ends against a deformable mem- 
brane, as was done with the capillary cassettes. Temper- 
ature cycling may require longer times because of greater 

25 mass material comprising the chip, but cycling times 
should still be more rapid than conventional cycling. 

For isothermal reactions, such as rolling cycle 
amplification, temperature cycling is not required to 
effect the reaction. Once an isothermal reaction mixture 

30 is combined and introduced into a capillary cassette, 

incxibation of the cassette at a reaction temperature will 
allow the reaction to occur. With reference to Fig. 1, 
the automated transfer device may transfer a capillary 
cassette into incubator 124 where the capillary cassette 

35 is incubated at a selected temperature. A set of deform- 
able membranes may be used to seal the ends of the capil- 
laries during incubation. As was seen in other system 
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components, incubator 124 may be used at the same time as 
other system components. 

In the case of PGR or chain termination se- 
quencing reactions it is necessary to expose the reaction 
5 mixture to temperature cycles. In Fig. 1 the transfer 
head 104 moves the capillary cassette into thermocycler 
116. The thermocycling device may be any device which 
can expose the capillary tube segments of the capillary 
cassette to temperature cycles. Thermal cycling devices 

10 which use water, electric field, heating blocks, or other 
means may be used. Alternatively, air based thermal 
cycling devices are rapid and adaptable to the low volume 
cycling of the present invention. 

A thermal cycling device which uses air as the 

15 temperature transfer medium is shown in Fig. 6. The 

reaction mixture is contained in capillary tube segments 
which have a high surface to volume ratio and small mate- 
rial thickness. This allows very rapid transfer of heat 
through the walls of the capillary and throughout the 

20 liquid reaction mixture. An equilibrium temperature is 
reached rapidly throughout the liquid in the capillary. 
The use of air as a heat transfer medium enables the 
rapid ramping of temperature in the reaction chamber. 
Rapid circulation of the air ensures rapid and more uni- 

25 form heating or cooling of the capillary segments and 
their contents. 

The capillary cassette 15 sealed within holder 
8 is inserted through opening 215 in housing 2 02 of the 
air based thermal cycler. The holder 8 is supported by 

30 housing surface 215 of the thermal cycling chamber 210. 
The capillary tubes 12 mounted to substrate 10 are ex- 
posed to the air of thermal cycling chamber 210 such that 
the air may freely flow around capillary tube segments 
12. Thermocouple 216 monitors the temperature of the air 

35 moving past capillary tubes 12. 

In the air based thermal cycling device, paddle 
208 driven by motor 206 rapidly circulates air with reac- 
tion chamber 210. The air is rapidly circulated past the 
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capillaries 12 of capillary cassette 15. Halogen bulb 
220 acts as a heat source to heat the air within the 
thermal cycling chamber 210. To effect a thermal cycling 
reaction, the circulating air is held at a selected tem- 
5 perature for a selected period of time. The thermocouple 
216 transmits the temperature of the capillary tube seg- 
ment 12 to microprocessor 218. To effect the needed 
temperature changes the microprocessor instructs actuator 
222 to open door 226 allowing air to pass through vent 

10 224. As air passes through vent 224 additional air is 

drawn into the reaction chamber through air inlet 203 by 
fan blade 204. Fan blade 204 is driven by motor 206. 
The venting of hot air and replacement with cooler ambi- 
ent air, combined with the rapid circulation of air by 

15 fan 208, a relatively small thermal cycling chamber 210 

and precise measurement of sample temperatures by thermo- 
couple 216 enables rapid temperature ramping. The time 
required for effecting the thermal cycles is greatly 
reduced. A typical thermal cycling reaction requires 

20 different temperatures for denaturing of nucleic acid 

strands, annealing of a primer, and extension of a poly- 
merase. The denaturing and annealing steps occur rapidly 
in a capillary tube where the small internal volume of 
liquid will rapidly come to equilibrium, while the exten- 

25 sion of the DNA molecule takes less than 10 seconds for a 
500 base extension. The time required for each thermal 
cycle of the three temperatures (annealing; extension, 
denaturing) may be reduced to under 15 seconds by using 
the rapid heat transfer of the air based thermal cycling 

30 apparatus. A program of 3 0 cycles, each cycle exposing 
the capillary to three temperatures for varying amounts 
of time theoretically may be effected in under 8 minutes. 

The use of the capillary cassette in combina- 
35 tion with an air based thermal cycler allows additional 
advantages. The capillary cassette holder temporarily 
seals the capillary, allowing rapid and simplified seal- 
ing of each capillary tube segment. The capillary cas- 
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sette contains a number of capillary tubes in parallel 
arrangement, allowing for more efficient use of the ther- 
mal cycler and allowing greater sample throughput. Once 
the thermal cycle is completed the capillary cassette 15 
contained with in holder 8 is removed through opening 
215. The capillary cassette .15 is released from the 
holder and is subsequently dispensed. 

The thermal cyclers of Figs. 6 and 7A-C were 
illustrated as being used with capillary cassettes. The 
same devices are adaptable to other containers with op- 
posing ends. For example, a chip-like substrate with a 
plurality of passageways extending through the chip (as 
seen in Fig. 3E) has, like a capillary cassette, evenly 
spaced opposed open ends. Several chips could be placed 
into a thermal cycler with the open ends temporarily 
sealed and exposed to thermal cycles. The rapid tempera- 
ture changes may be a bit slower due to increased mate- 
rial thickness. Other containers with opposing open ends 
may also be used with either temperature cycling device . 

C. Dispensing Completed Reaction Mixture 

Following the completion of the thermal cycling 
reaction, the prepared reaction mixture is dispensed into 
a substrate for analysis by an analytical system. As 
noted above, the capillary cassette may be dispensed by 
air displacement, centrifugal force, vacuum or any other 
displacement method- The substrate into which the reac- 
tion mixture is displaced may be the wells of a multiwell 
plate, locations on a planar substrate, or wells which 
lead into an analytical chip. The reaction mixture, 
though small, still may produce enough amplified reaction 
product that dilution is necessary. 

Dispensing Completed Reaction Mixture Example 1: 
Direct Dilution 

In reference to Fig. 1, following completion of 
the temperature cycling process, the capillary cassette 
may be removed from air thermal cycler 116 by transfer 
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Dispensing Completed Reaction Mixture Example 3: Dis- 
pense Directly into Analytical System 

In the previous two examples the samples were 
dispensed into multiwell plates. These plates could then 
be moved manually or robotically onto a stage for analy- 
sis by an analytical system. Alternatively the capillary 
cassette could be dispensed directly into the wells of an 
analytical device, such as an electrophoresis chip. For 
example a capillary cassette having 16 capillaries dis- 
posed in the substrate in two parallel rows of eight 
capillaries may dock with 16 wells in an analytical 
microchip. Such a microchip would have an array of ana- 
lytical lanes in fluid communication with a sample port. 

The capillary cassette may be designed such 
15 that the spacing of the capillaries matches the spacing 
of the sample reservoir inlets. For example, the capil- 
lary cassette illustrated in Fig. 3C includes capillaries 
12 extending through flexible strip 11. Flexible strip 
11 may be used alone or in combination with other such 
20 strips. The orientation of the capillaries in an essen- 
tially straight line may be altered by bending strip 11 
to form an arc. Fig. 3D illustrates strip 11 but allow- 
ing capillaries 12.^ to mate with input ports which is 
disposed on a substrate in a circular pattern. The liq- 
25 uid in capillaries 12 may then be electrokinetically 

injected or otherwise dispensed from capillaries 12 into 
ports of an analytical chip if an appropriate electrode 
array is used. Strip 13 may be positioned in the curved 
orientation by pressing strip 13 against a curved form, 
30 such as a curved metal block. This may be done by an 
automated strip mover incorporated into an automated 
sample preparation system. 

The capillary cassette could be dispensed by 
air displacement or other dispensing means preferably 
35 selected to minimize splattering and bubble formation. 

Prior to dispensing the prepared reaction mixture into 
the wells for analysis, a small amount of a dilutant 
could be added to each analytical microchip well. When 
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the capillary cassette is dispensed, the diluent will 
dilute the samples in the sample wells. The sub- 
microliter volume reaction mixtures prepared in the cap- 
illary cassette, such as a DNA sequencing reaction prod- 
5 uct mixture, can readily be integrated with the analyti- 
cal microchip for sequencing. 

D. Washing Capillary Cassette 

Following each use of a capillary cassette, the 

10 capillary cassette may be washed and reused. After the 

contents of the capillary cassette have been dispensed or 
a capillary cassette has otherwise been used, the capil- 
lary cassette is taken to cassette washer 118 where the 
cassette is washed. Following washing, the cassette is 

15 returned to the cassette hotel 106 where the cassette may 
be reused. 

With reference to Fig. 8A, capillary cassette 
washer 410 is comprised of wash manifold 412 and wash 
tank stage 416. Between wash manifold 412 and wash tank 

20 stage 416. is capillary cassette platform 414. Extending 
from wash tank stage 416 is leg 419. In this wash sys- 
tem, a wash liquid is pumped from one or more of contain- 
ers 452, 454, 456, 458 through respective tubes 1, 2, 3, 
4 into respective router inputs 453, 455, 457, 459. The 

25 router directs the selected wash fluid through router 
outflow 451- through line 451a into the wash tank 440. 
The fluid is drawn from wash tank 440 through capillary 
tube segments of a capillary cassette. The capillary 
cassette substrate is held between wash manifold 412 and 

30 wash tank 440 such that if suction is applied to wash 

manifold 412, wash fluid will be drawn through capillary 
tube segments from wash tank 440. The wash solution is 
drawn by vacuum through wash manifold 412 and into waste 
receptacle 490. 

35 Fig. BE provides a schematic of the working of 

the wash station. Nitrogen tank 460 provides a pressure 
source to direct fluid flow. Opening manual valve 462 
allows gas to flow through regulator 466 and through 
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filter 468. Regulator 466 regulates the pressure from 
the pressure source. Pressure sensor 464 monitors gas 
pressure from the nitrogen source, and indicates if gas 
pressure is below a selected pressure. The pressurized 
5 gas flows through filter 468 into line 470. Pressurized 
gas line 470 branches into the top of sealed wash bottles 
471, 472, 473, and 474. The pressurized nitrogen pumps 
the wash liquid within each wash bottle into respective 
fluid lines 471a, 472a, 473a and 474a respectively 

10 through an intake filter 476 on each of said respective 
fluid lines. Each of the sealed wash solution bottles 
may contain a different wash solution, such as water, 
alcohol, a buffer or other wash solution. Although four 
wash bottles are illustrated, the system is adaptable for 

15 use with more or fewer wash fluids. In addition, ex- 
change of wash bottles simply requires venting N2 pres- 
sure on bottles 471, 472, 473, 474 at value 462, the 
removal of the cap from the selected bottle and replace- 
ment of the cap with attached pressure and fluid lines 

20 into a new or refilled wash fluid bottle. Each of the 

fluid lines 471a, 472a, 473a and 474a terminate in selec- 
tor valve 478. According to a preset program, the selec- 
tor valve routes one. of the selected fluids from the 
input line into valve output line 480. The valve output 

25 line then transports the pressurized liquid into wash 
tank 440. 

The capillary tubes in the capillary cassette 
function as a conduit for transport of fluid from the 
wash tank 440 into the wash manifold interior 425. Vac- 

30 uum source 496 provides a vacuum force once valve 492 is 
open. When vacuum valve 498 is open, a vacuum force is 
directed into waste bottle 490 creating negative pressure 
within line 490a. When valve 495 is open, suction will 
be applied through suction line 490a, suction line 495a 

35 and suction lines 424a. As suction is applied through 
suction ports 424 by suction lines 424a the negative 
pressure through interior wash manifold 425 will draw 
liquid up through the capillary tube segments extending 
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into wash manifold interior 425. The liquid will travel 
through suction passageways 424, into suction lines 424a, 
past valve 495, through suction lines 495a and 490a and 

into waste bottle 490. 

Fig. 8D illustrates a view of the wash mani- 
fold The bottom of the wash manifold contains holes 426 
into which the capillaries are inserted. Wash manifold 
interior 425 is comprised of lanes joined at a first end 
to suction passageways 424 and at a second end to purge 
passageways 423. When suction is applied through Ixne 
424a fluid will be drawn through capillaries into the 
lanes comprising interior 425, through passageways 424 
and into line 424a. When the purge valve is opened, axr 
will pass through line 423a, through passageway 423, xnto 
interior 425, and into passageway 424, clearing interior 
425 of any licjuid remaining in interior 425. 

Following a wash procedure, wash tank 440 is 
lowered relative to the capillary cassette platform such 
that the ends of the capillary tube segments are not m 
contact with the li<iuid in wash tank 440. The liquid 
within wash tank 440 is drained through drain 484 which 
transmits the fluid into drain line 484a when value 485 
is opened and suction is applied through suction line 
490a. The fluid within wash tank 440 will then dram 

into waste bottle 490. 

Before each wash solution is introduced into 
wash tank 440, wash fluid supply line 480 and the wash 
tank distribution manifold 480a are purged to empty the 
line of any previous liquid. This is effected by opening 
one of the valves in selector valve 478 and flowing wash 
fluid through supply line 480 and through bleed lines 
482 opening valve 487 allows a vacuum force to be 
transmitted through line 490a through line 488 providing 
suction which in conjunction with fluid pressure is used 
to purge the distribution manifold through bleed lines 
482 once wash fluid supply line 480 and distribution 
manifold are purged, valve 487 is closed and the wash • 
tank is raised and filled. The fill level of wash tank 
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440 is controlled by a selected wash fluid fill time and 
wash fluid pressure. Overflow port 486 acts as a safety 
drain to drain off fluid overfill. If the fluid level 
within wash tank 440 is too high, liquid will flow from 
5 wash tank 440 into overflow port 486 and into line 486a. 
When valve 487 is open, the suction force from line 490a 
and 488 will draw overflow liquid from overflow port 486 
into waste bottle 490. Restriction flow valve 441 limits 
liquid fluid flow through lines 482. 

10 Fig. 8F shows the top perspective of wash fluid 

tank 440- An input line introduces a wash solution into 
wash fluid distribution manifold 480a. This manifold 
supplies wash fluid ports 481 which fill tank 440. The 
spacing of wash fluid ports 481 aids in uniform filling 

15 across the width of tank 440. The fill time and fluid 
pressure regulate the amount of fluid filling tank 440. 
If excess fluid enters tank 440 it will drain from over- 
flow port 486 . 

To empty the tank, the tank is lowered by the 

20 pneumatics as described, and drain 484 is opened. The 

shape of tank 440 directs fluid to drain 484 when the end 
of tank 440 containing drain 484 is lowered. This con- 
figuration is designed for efficient filling, emptying 
and purging of tank 440 and associated fill lines. 

25 Again with reference to Fig. 8E, once a wash 

cycle has been completed, any liquid remaining within 
wash manifold interior 42 5 may be eliminated by opening 
valve 491 while suction is applied through the manifold. 
Opening valve 491 causes a pulse of air to be drawn in 

30 through vent 493. The air is introduced into wash mani- 
fold interior 425 through purge lines 423a and is removed 
by suction lines 424a. If the manifold is in contact 
with a capillaries, the relatively narrow bores of the 
capillary cassette provide a limited capacity for drawing 

35 air through the wash manifold. By opening valve 491, a 

much greater amount of air may be drawn through the mani- 
fold through purge lines 423a which have a much greater 
capacity for drawing air. This will result in a sudden 
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rush of air drawn through the manifold. This acts to 
rush ot ai liquid remaining within 

flear the wash manifold ot any xi^iu , , 
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romTe drai; outlet at the bac. -1 of the tan. 
is overflow outlet 486. Disposed at the front of the 

o-lr is reservoir bleed outlet 446. Each outlet is 
reservoir IS reserv ^^^^^^ described 

associated with ^ "J^t^^ ^^^^ ,,,,ies liquid 

; in coniunction with Fig. o^'- . ^♦.^^ 

' T.oZn. f.o„ .n associ«ea ou.le. whan .^e associated 

„alve is opened and vacuum source applied. 

capillary casse«e platform 414 is held .n , 

£i«d position by support legs 445. KKtending d—d 
0 from t^e front of capillary cassette platform 414 .s 
0 trom cne ^ a^t- ached to a lower end of 

h,„ge 418 with ^-;^„^"^^^,7:r6 ..tending from below 

binge 418 rs wash tan. stage ^^^^^^^^ ^ 

wash tank stage 416 is ley , . ^ .oq At- the 

Xower end by pivot 443 to -ii^tL^Ltfrrm 
,5 bac3c end of the stationary capillary ^^^^^"^ ^ 

414 the wash manifold is attached at pivot 420. When 
414, the w extended from the lower end. 

pneumatic cylinder 4^y is «^ 

Lsh tank stage 416 will be lowered in an ^^'''J"^^^, 
stationary capillary platform. This — " f ^^^^^fj 
30 sure is applied to 429 and gravity causes the wash tan 
stage to pivot down. When pneumatic cylinder 429 iS 
^tLded from the upper end by applied pressure,, wash 
excenatit^ ^ ^ ^iwav from capillary 

manifold 412 will be raised in an arc away 

cassette ...^ette platform 414 

is wash manifold 412. The wash -"if old has a purge 
passageway 423 disposed at a front ^ ^^e respec- 

passageway 424 disposed toward the back end. The resp 
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H,.a air to the manifold or removing gas 

with Fig. 8E. pneumatic cylinder 

With reference to Fig- P'^ 

^ 1 1 w f^xtended from a lower connection 
429 is shown fully extendea capillary cas- 

Aiq through hole 333 m capij-j- jr 
f^-" 443 on connection at pivot 428 

=et« Pl"*-" '"^i," ;L^tendea heigh, of the wash 
on wash n»nxfold 412 secured to the 

of — J',t4 when the wash manifold is 

cassette Pl"'°™ p,^,„^, ,he wash manifold 

raised to a .J^^ l,„el . when suction is 

412 fro„ ''-i"- «S applym^ suction 

rrh rj::: -^.^424, fi^d is d.awn th.o>..h 

oapilla.ies 12^f.o. ^ J^^^,^,^^ ..s..... 

• at oivot 432 to hinge 418 and wash tank 

414 is Domed at pivoc *j cassette platform 

J .-v,^ v.ack end of capillary casseuut= 
stage 416 and the baclc ena ^^^ifold 412. Extend- 

414 is joined at pivot 420 to ^^^^^^^^ 
ing through capillary cassette P -^^^^^^ ^^^^ 

434. - ™^°:L:^racrd o^Lpillary cassette plat- 
lary cassette 15. ^^^.e segments 12 ex- 

form 414 has associated capiH ry ^1,^ 
tending through capillary cassette P^^^^^^"^ 
four edges of capillary ^^^^^^ ^latform 414 on the edge 

:L::rte'pirtfo^ 4^ to p.ope.l. position the capillar 
.o effect the cassette wash ^ 

_ic =o""°";^;r:rrts~rat:: =11:: ^ 

electronic controller ^"^'ruc , programoed 

.evices Of the wash sta .on^to ca.^^^^^ ^^^^^^ ^^^^ 

wash sequence. The pr g capillary cassette 

capillary ^^^^/.ir/d/.ice . The wash manifold 

stage by the -^^^^^"'^ IZ^^^t. such that the shorter 
lowers onto the capillary cassetc 
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end of capillary tube segments extend into the wash mani- 
fold and the opposite end of the capillary tube segments 
are within the wash liquid in the wash tank once filled. 
The substrate provides a partial seal between the wash 
5 manifold and cassette such that when suction is applied 
to the capillary tube segments by the wash manifold, 
fluid will be drawn up into the wash manifold through the 
capillary tube segments. The wash solution supply line 
is purged with the first selected solution to clear the 

10 previous solution from the line. As noted in relation to 
Fig. 8E, the purge solution is removed through distribu- 
tion manifold to drain 484 and bleed lines 482 to wash 
waste line 488 arid 490a then into waste bottle 490. The 
wash tank 440 is then raised and filled with the selected 

15 wash solution. 

A vacuiom is applied to the wash manifold caus- 
ing the solution in the wash tank to be drawn up through 
all of the capillary tube segments in the capillary cas- 
sette. After the programmed wash duration, the wash tank 

2 0 is drained and lowered. The vacuum force is continued 

through the wash manifold, drawing air through the capil- 
lary tube segments. Once the capillary tube segments are 
dried, the vacuum line of the wash manifold is turned 
off. The wash solution supply line is purged with the 

25 next wash solution and the steps of raising and filling 
the wash tank, drawing the wash solution through the 
capillary tube segments and emptying the wash tank are 
repeated for each selected solution. The specified se- 
quence may repeat these steps for any number of wash 

30 solutions. After the final wash has been completed and 

the tank emptied, air is drawn through the capillaries by 
applying a vacuum to the wash manifold, drying the capil- 
lary tube segments. Periodically the purge valve 491 is 
opened and air is drawn through vent 493 into purge lines 

35 423a into purge inlets 423. This draws a blast of air 
through wash manifold interior 425 and clears the wash 
manifold interior of any remaining licpaid, ensuring that 
any remaining liquid within the wash manifold will not 
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^ ^o^-illaries The manifold vacuum is 
wiclc loack in.o -^^^^^^^f^",, removing .he 

then shut off and ^j,e manifold vac- 

manifold from the capxHary cassette 

uum is again applied and the purge valve 491 -J ^^^^ 
3 air is drawn through vent 493 into purge Ixne 423a 
and axr d ^^^^^^^ ^^^^ remaxnxng 

idrrs re:o:ed from the wash manifold interior The 
ixguxd xs ^l^^^J ^^3l,ed and dried capillary 

vacuum is then shut off- T ^^^^^^^ ^^bot to a 

cassette may then be moved by the transfer r 
capillars cassette hotel or other locatxon. 

system Integration 

The components of tne system 

^-c. Pffect a programmed set o£ inscru<_uj. 
0 components to effect ^ P ^ operate simultaneously, 
Elements of -^^j;--/,:::^/";:: Sample automated 

Torrorcr^ie^^^^ capiHary cassette from cas- 
robot 102 cou capillary cassette in a sam- 

^r^lairat stage a - amount of sample from the plate 
T:llt\TJ:Z capillary tubes by ^api^-^V action^ 
cassette could then be moved to be placea 

location 122 for dispensing. The movement °' 

102 transfer head 104 and dispensing device located at 

"catron i22 .re controlled .V electronic control devrce 

" At the seme time that a reaction mixture is 

^eing assenO^led, the electronic control ^^^IWT .t 
be sending electronic signals to thermocycler 116. 
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vent door, heating element, and thermocouple of 
thermocycler 116 could be linked to electronic control 
device 123, allowing electronic control device 123 to 
effect a selected temperature cycling procedure by regu- 
5 lating the temperature at which air is cycling within the 
thermal cycler. This precise monitoring allows the tem- 
perature cycling procedure to be effected in a minimum 
amount of time. Once the thermal cycling procedure is 
complete, the electronic control device 123 could elec- 

10 tronically instruct the thermal cycler to shut off the 
thermocycler fan and heating element and open the lid 
pneumatically to allow a capillary cassette to be removed 
from the interior of the thermal cycler. 

While automated robot 102 is moving capillary 

15 cassettes to assemble a reaction mixture and the 

thermocycler is operating, the cassette washer 118 could 
also be cleaning a capillary cassette. Again the elec- 
tronic control device 123 could instruct the cassette 
washer 118 to perform a wash secjuence in which a capil- 

20 lary cassette is cleaned with a selected sequence of wash 
liquids and air dried. 

Electronic control device 123 enables each 
element of the system to be used with maximum efficiency. 
A single set of instructions to electronic control device 

25 123 could allow assembly of the reaction mixture, thermal 
cycling of the reaction mixture to effect the desired 
reaction, dispensing of the completed reaction mixture 
onto an analytical substrate, movement of the analytical 
substrate to a stage for processing by an analytical 

30 instrument, and cleaning of used capillary cassettes. 



E. Reaction Preparation Examples 

The following examples illustrate the use pf 
the combined reaction preparation systems. The examples 
35 are representative of the many different types of reac- 
tions that could be effected with the disclosed device or 
system and are described by 1) dye-primer DNA sequencing, 
2) dye- terminator DNA sequencing, 3) PGR amplification. 
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4) PGR amplification, enzymatic purification, and DNA 
sequencing, and 5) a general enzymatic reaction. 

Example 1: Dye-primer DNA sequencing analyzed by CAE. 
5 Dye-primer sequencing reactions were performed 

within a capillary cassette comprised of 96 uncoated 2.8 
cm long, 150 ^m I.D., 360 O.D, fused-silica capillaries. 
Dye-primer sequencing reactions were performed by ampli- 
fying template DNA with emission-specific primers corre- 
10 spending to ddT, ddA, ddC, and ddG terminated reactions. 
The amplification of template was performed as single 
reactions in each capillary and pooled into a common well 
for post-reaction processing and analysis. 

The color-specific primers were based on the M13 -40 FWD 
15 primer ( 5 ' -FAM-GTTTTCCCAGT*CACGACG-3 ' ) , v.'ith 5- 
carboxyfluorescein (FAM) as the donor dye, and a 
termination-specific fluor attached to the indicated 
thymine <T*) as the acceptor dye. The thymine was la- 
beled with FAM for ddC-terminated reactions (C-FAM) , 6- 
20 carboxyrhodamine for ddA reactions (A-REG) . N,N,N',N'- 

tetramethyl-5-carboxyrhodamine for ddG reactions (G-TMR) , 
and 5-carboxy-X-rhodamine for ddT reactions (T-ROX) . A 
master mix for 100 dye-primer sequencing reactions was 
prepared by confining 65 nL reaction buffer (220 rriM Tris- 
25 HCl, PH 9.5, 33.2 mM MgCl,) , 100 [aL dye-primer solution 
(either 1 ^lM T-ROX, 1 }iM G-TMR, 0 . 5 HM A-REG, or 0.5 ^lM 
C-FAM) , 100 juL of the corresponding deoxy- and 
dideoxynucleotide mix (0.94 mM dATP, dCTP, dTTP, 7-deaza- 
dGTP, with 3.1 uM dideoxynucleotide), 10 of enzyme (32 
30 ThermoSequenase) , and 225 mL filtered deionized 

water. This solution was aliquoted into a 96-well re- 
agent plate prior to mixing with template DNA. 
The general mixing scheme required the use of two capil- 
lary cassettes and a 384-well "mix plate" . The first 
35 capillary cassette (transfer cassette) was dipped in a 
solution of template DNA (20 ng/^L M13mpl8) , and then 
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inverted onto the top of a 384-well "mix plate" with the 
short ends of the capillaries inserted into the wells. 
The inverted transfer cassette and mix plate were placed 
inside a benchtop centrifuge. A balance plate was added 
5 to balance the rotor and the centrifuge brought to 3,000 
X g for 5 seconds. The centrif ugation uniformly dis- 
pensed the contents of the transfer cassette into indi- 
vidual wells of the 384-well plate. After the centrifuge 
step, the transfer cassette was transferred to the capil- 
10 lary cassette washer 410 for cleaning, and the mix plate 
was used for a' subsequent centrifuge step for reagent 
addition. 

To add reagents, a second capillary cassette, 
(the reaction cassette) , was dipped into the wells con- 

15 taining sequencing reagents (prepared as described in the 
preceding paragraph) and inverted over the wells of the 
same 384-well plate. The reaction cassette and mix plate 
were placed in the centrifuge, spun at 3,000 x g for 5 
seconds, and removed from the centrifuge. At this point 

20 each well contained 500 nL of template DNA and 500 nL of 
sequencing reagents to form the final reaction mixture. 
The second capillary cassette (used to add reagents) was 
then dipped into the 1 mixture contained in the mix 
plate, filling the capillaries of the reaction cassette 

25 in 500 nL. 

The capillary cassette was inserted into the 
internal chamber of an air-based thermal cycler, as de- 
scribed herein, where the ends of the capillary segments 
are sealed by depressing the ends of the capillaries 

30 against deformable membrane. After 30 cycles of 95*^0 
for 2 seconds, 55°C for 2 seconds, and 72°C for 60 sec- 
onds, the thermal cycler was opened, removing the ends of 
the capillaries from contact with the deformable mem- 
branes. The capillary cassette was removed and placed on 

35 top of a 384-well "mix plate" with the short ends of the 
capillaries inserted into the wells. The capillary cas- 
sette and mix plate were placed into a centrifuge, with a 
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balance plate. The reaction products were dispensed by 
centrifugal force (-2500 g) into a microtiter plate con- 
taining 40 of 80% isopropyl alcohol. After an initial 
reaction, the capillaries were washed as described 
5 herein. After the four dye-primer reactions had been 

performed in four individual capillary cassettes and the 
products pooled into the wells of a microtiter plate, the 
samples were subsequently centrifuged at 3000 x g for 3 0 
minutes. The alcohol was decanted by a gentle inverted 

10 spin, and the samples were resuspended in 5 \iL of ddH20 
for electrokinetic injection and analysis by capillary 
array electrophoresis. 

Analysis of the DNA sequencing fragments was 
performed with MegaBACE, a 96-capillary array electropho- 

15 resis instrument (Molecular Dynamics, Sunnyvale, CA) 

using scanning confocal laser-induced fluorescence detec- 
tion. Separations were performed in 62 cm long, 75 jxm 
I.D., 200 Jim CD. fused-silica capillaries with a working 
separation distance of 40 cm. Electroosmotic flow was 
-^20 reduced by Grignard coupling of a vinyl group to the 
capillary surface and acrylamide polymerization. The 
capillaries were filled with a fresh solution of 3% lin- 
ear polyacrylamide (LPA) (MegaBACE Long Read Matrix, 
Amersham Life Sciences, Piscataway, NJ) which was pumped 

25 through the capillaries under high-pressure from the 
anode chamber to individual wells of a 96-well buffer 
plate contained in the cathode chamber. Each well was 
filled with 100 [aL of Tris-TAPS running buffer (30 mM 
Tris, 100 mM TAPS, 1 mM EDTA, pH 8.0) . The matrix was 

30 equilibrated for 20 minutes followed by pre-electrophore- 
sis for 5 minutes at 180 V/cm, Prior to sample injec- 
tion, the cathode capillary ends and electrodes were 
rinsed with ddHjO to remove residual LPA prior to sample 
injection. 

35 DNA sequencing samples were electrokinetically 

injected at constant voltage from a 96-well microtiter 
plate according to the specified conditions; one pre- 
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ferred injection condition for 500 nL samples is 40 sec- 
onds of injection at an applied voltage of 2 3cV. ^fter 
injection, the capillary ends were rinsed with water the 
buffer plate was placed in the cathode chamber, and the 
electrophoresis run was commenced. Separations were 
typically for 120 minutes at 8 kV. Computer controlled 
automation of the instrument and data collection was 
performed using LabBench software (Molecular Dynamics. 
Sunnyvale, CA) . Specific injection and run cond.txons 
were tailored to the reaction mixture to be analyzed^ 

The reproducibility of the described method for 
sub-microliter dye-primer cycle sequencing is shown in 
Figure 9. This histogram shows the percent success ver- 
sus readlength window and shows that the method is hxghly 
reproducible. Over 80 percent of the sequenced DNA in- 
serts had a readlength over 600 bases. Overall, thxs 
plate yielded 55,000 high cjuality bases, with an average 

readlength of 605 bases. 

Example 2: Dye-primer DNA sequencing analyzed 

0 by a CAE microcliip . 

in another analysis example, dye-primer reac- 
tions performed in the same capillary cassette were ana- 
lyzed by direct injection into a micro fabricated «chxp- 
based" analyzer. In this example, a dye-primer reaction 
terminated by ddT was performed as described and dis- 
pensed into the sample wells of a microchip conta.n.ng 
1.5 of ddH,0. The electropherogram is featured xn 

Figure 10 exemplifying microchip analysis of reactions 
performed in the described system. 

Example 3: Dye- terminator cycle- sequencing with alcohol 
precipitation purification. 

Dye- terminator cycle-sequencing was demon- 
strated using the capillary cassette system and alcohol 
precipitation for cleanup prior to capillary array elec- 
trophoresis, in this example, the sequencing reaction 
mix was prepared by mixing 400 of sequencing reagents 
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35 
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(Dyenamic ET terminator kit, Amersham Pharmacia Biotech, 
Part 81600) with 100 mL of 5 pmol/ \XL. of M13 -28 FWD 
primer {5'-TGT AAA ACG ACG GCC AGT-3 ' ) . The reaction mix 
was distributed in 5 fXL aliquots to a 96-well ^'reagent" 
5 plate. Mixing of template DNA and sequencing reagents 
was performed in the same series of steps described in 
Example 1. A second cassette was used to transfer 500 nL 
of sequencing reagents from the reagent plate to the 
wells of the mix plate. This same cassette was then 
10 filled by capillary action with the template /reagent 
mixture. 

The capillary cassette was transferred to the 
air-based thermal -cycler where the capillaries were 
sealed between the deformable membranes within the ther- 

15 mal cycler. Thermal cycling was achieved with 30 cycles 
of 95 'C for 2 s, 55 'C for 2 s, and 60 *C for 60 seconds. 
After the thermal cycling, the cassette was removed from 
the cycling chamber and the contents of the capillaries 
dispensed by centrifugal force (3000x g) into a 96-well 

20 plate containing 40 \x1j of 80% ethanol . The samples were 
centrifuged at 3000 x g for 30 minutes. The alcohol was 
decanted by a gentle inverted spin, and the samples were 
resuspended in 5 [iL of ddH20 for electrokinetic injection 
and analysis by capillary array electrophoresis- The 

2 5 cleanup of dye- terminator reactions by alcohol precipita- 

tion, the reproducibility of the technique, and the ap- 
plication to "real-world" templates is represented as a 
histogram of percent success versus readlength in Figure 
11. Figure 11 demonstrates excellent readlengths and 

3 0 success rates with M13 subclone inserts prepared from the 

subclone library of a Mouse bacterial artificial chromo- 
some (BAC) . 

Example 4. Dye- terminator cycle sequencing with size- 
3 5 exclusion purification - 

In another example, dye- terminator reactions 
were performed in 500 nL capillaries as described in 
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Example 3, and the reaction products dispensed into 15 ^iL 
of ddH20 by centrifugal force. The 15 itlL samples were 
transferred to a filter plate containing 45 mL of hy- 
drated Sephadex G-50. The samples were centrifuged 
5 through the Sephadex matrix at 910x g for 5 minutes and 
the eluent collected in a clean 96-well injection plate. 
The samples were electrokinetically injected without 
further dehydration or processing. For 16 samples, an 
average readlength of 650 bases was obtained demonstrat- 
10 ing the compatibility of sub-microli ter dye- terminator 

sequencing with alcohol and size-exclusion purification. 

Example 5. PGR Amplification of Plasmid Insert DNA 

The present technology uses the disclosed sys- 
15 tern for the pol^^^merase chain reaction (PCPv) amplification 

of insert DNA (e,g. subclone inserts from a DNA library) . 

The PGR reaction mixture was prepared by mixing 5 jiL of 

10 |1M of M13 -40 FWD primer (5' GTT TTC CCA GTC ACG AC 

3') and 5 [xIj of 10 \xM M13 -40 REV primer (5' GGA TAA CAA 
20 TTT GAG AGA GG 3 ' ) with 25 ^iL of lOx GeneAmp buffer, 15 

of 25 mM MgCl2, 5 |iL, of AmpliTaq Gold, 2 . 5 |aL of 1 

mg/mL bovine serum albumin (BSA) , and 67.5 [Xh of ddHjO. 

This mix was aliquoted in equal volumes to sixteen 0.20 

mli tubes . 

25 The reaction was initiated by mixing template 

DNA with the PGR cocktail using the two-capillary cas- 
sette and mix-plate method described. The transfer cas- 
sette was dipped into the glycerol stock solutions of a 
subclone library and dispensed by centrifugal force into 

30 the wells of a 384-well plate. A second ^'reaction" cas- 
sette was used to transfer 500 nL of PGR cocktail to the 
same wells by centrifugal force. The capillaries were 
subsequently dipped into the combined mixture of template 
DNA and PGR reagents, filling the capillaries by capil- 

35 lary action. Amplification was effected by placing the 
capillaries into the cycling chamber and thermally cy- 
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4--,^ «f QS'C for 12 minutes 
cling with. an activation step of 95 C to 
fouled by 30 cycles of 64-C for 4.5 mxnutes and 95 
S -conds.^^^ ^^^^^^^^ ^^^^ ^^^^^^^^ ^^^^^33 

electrophoresis and compared with the same subclones 
amplified by large-volume (25 m.) reactions performed xn 
ampliEiea oy ™iilary cassette samples were 

0.20 mL tubes. Nanoscale capxllary ^, .^^^ 

dispensed into 4 . 5 of ddH20 by centrifugal 
dispense of full volume reactions were 

Equivalent volume aliquots of full v 

t^nsf erred manually using a low volume pipettor. To 
transfer loading dye was added and 
each 5 sample, 1 o£ ^ 
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agarose gel. Agarose g Tris-acetate-EDTA 

using a 0.7% agarose gel with r.±r^n^^^ at 

^xj p n samiDles were separatea tox 
15 buffer, P» „ ,Mole=ul.r Probes. 

as agarose gel electrophoresis. 

fi PGR amplification and cycle-sequencing. 
Example 6.^ ^^^^^^^^ ^^^^ preparing cycle se<;o.encing 

.1,= r%^.sent invention is to prepare 
saruples usrng the P-^"""^ capillary cassette and re- 
nanoscale PCR samples in the capilia y 
lated instrumentation, perform 

tions. and then perform the cycle -^-"""^ ^" 
illarv cassette and related ^-"J»^^^^^;°",,^,„ci„, „as 
«a„oscale .CK te^late ^"-"'^^^^ ' ' ^tion from ^lyc- 
d«^nstrated P^^'^-^^^^^.^^i,, subclones were PCB 
erol stock subclones. <'^^l^''°'- p^R amplifi- 

amplified as described in Example 5. After 
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cation, the contents of the capillaries were dispensed by 
centrifugation into the wells of a 96-well plate contain- 
ing 4 . 5 of 7 . 5 mU of shrimp alkaline phosphatase (SAP) 
and 37.5 mU of exonuclease I (Exol) . The PGR products 
and Exol/SAP solution were allowed to incubate at 37 'C 
for 5 minutes to digest the unincorporated primers and to 
dephosphorylate the unincorporated nucleotides. After an 
initial incubation, the enzymes were deactivated by heat- 
ing the solution to 72*0 for 15 minutes. 

The ExoX/SAP treated PGR products were 
aliquoted to a fresh 384-well mix plate with a transfer 
capillary cassette and centrifugal dispensing. An equal 
aliquot of dye- terminator sequencing reagents were added 
to the 500 nL of purified PGR products using another 
capillary cassette and centrifugal di.spensing. The cap- 
illaries were then filled by dipping the capillary cas- 
sette into the 1 jiL reaction mixture. The template was 
amplified according to Example 3, dispensed into 40 jiL of 
80% ethanol and purified as described. Analysis of the 
sequencing reactions was performed by MegaBACE using 
electrokinetic injection. Portions of six base-called 
sequencing electropherograms from subclone templates 
prepared by nanoscale PGR amplification from glycerol 
stock solutions and by nanoscale cycle sequencing are 
shown in Figure 13. By performing PGR in a capillary- 
cassette and subsequently transferring the reaction mix- 
ture to a microplate. the present system allows a simpli- 
fied transition from nanoscale (less than 1 JiL volumes) 
to greater than nanoscale reaction volumes. The present 
system also allows a simplified transition from 
macroscale (more than 1 HL volumes) to nanoscale reaction 
volumes, as shown by utilizing the Exo I/SAP reactions 
for cycle sequencing in the capillary cassette. 

35 E. Reaction Preparation Examples 

Example 7. Isothermal enzyme assay performed 
in sub-microliter capillary cassette. The use of the 
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described system for perfoinning general enzyme reactions 
was demonstrated with a fluoregenic assay of &- 
galactosidase. The p-galactosidase ((J-Gal) catalyzed 
hydrolysis of resoruf in-&-D-p-galactosidase (3-Gal) cata- 
5 lyzed hydrolysis of resoruf in-&-D-galactosidase (RBG) was 
performed within the capillaries of. a 96-capillary cas- 
sette in which p-Gal hydrolyzes RBG to the fluorophore 
resoruf in . 

A stock solution of 350 micromolar RBG was 

10 prepared in 5 mL of 100 mM Tris-HCL, 20 mM KCl, and 2 mM 
MgC12 to 5 mg of RBG, vortexing vigorously, and filtering 
the solution through a 0.40 micron filter. A one-half 
dilution curve of RBG was prepared from the stock solu- 
tion. To each 10 microliters of RBG solution prepared in 

15 0.20 mL tubes, 200 ug of P-Gal was added and after 

briefly mixing, filled into a capillary cassette by cap- 
illary action. The cassette was placed in an air-cycler 
and after 2 minutes at 37 degrees C, the capillary cas- 
sette was removed and the contents centrifuged out of the 

20 capillaries into a 384-well scan plate containing 5 

microliters of 1 M sodium bicarbonate. The wells of the 
scan plate were subsequently filled with 50 microliters 
of ddH20 and the plate was read by a fluorescent plate 
reader (Typhoon, Molecular Dynamics) . A control aliquot 

25 from the enzyme reactions performed in the 0.20 mL tubes 
was added to the scan plate. 

Solid-phase capture of the P-Gal was also dem- 
onstrated with this system by simply filling the cassette 
with a 20 ug/mL solution of P-Gal, allowing the P-Gal to 

30 bind to the capillary surface followed by removing the 

excess liquid and drying the cassette using the described 
cassette wash-manifold. After 3-Gal binding the capil- 
laries were filled with RBG solution by capillary action. 
The reaction was performed for 2 minutes at 31 and 

35 analyzed by dispensing into 1 M sodium bicarbonate, and 
diluting with water in the scan plate. 

Once all three sets of reactions (full volume, 
capillary cassette, and capillary cassette with solid 
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phase capture) has been added to the scan plate, the 
plate was read by a fluorescent plate reader (Typhoon, 
Molecular Dynamics, Sunnyvale, CA) . The results of the 
standard curve performed in 0-2 mL tubes (tube rxn) , a 
5 reaction performed in the capillary cassette without 
solid phase. capture (capillary reaction), and in the 
capillary cassette with solid phase capture (capillary 
with binding reaction) are summarized in Figure 14. 
Figure 14 shows the expected signal versus substrate 

10 concentration for the tube reactions, and data points of 
signal for the pre-mixed enzyme reaction performed in the 
capillary cassette, and for the capillary-binding P- 
galactosidase assay . 

This excimple serves to illustrate the compati- 

15 bility of the of the described system for performing a 
range of general enzyme activity and inhibition assays. 
In addition, it demonstrates that solid phase capture can 
be applied to proteins and enzymes as well as DNA. Fi- 
nally, it shows the described system can be applied to 

20 .isothermal reactions. 
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Claims 



10 



15 



20 



25 



1. A system for performing small scale reactions, the 
system comprising: 

a capillary cassette having a substrate and a 
plurality of capillaries extending through said 
substrate, wherein each of said capillaries has first and 
second open ends on opposing sides of said substrate; 

a pair of membranes orientated and spaced such 
that they may temporarily seal the opposed ends of said 
capillaries ; 

a thermal cycler having an internal chamber of 
sufficient capacity to hold said capillary cassette and 
said membranes; and 

an automated transfer device positioned to 
contact and move the capillary cassette to a location 
where the ends of the capillary may be sealed by the pair 
of membranes and the capillary cassette with ends sealed 
by said membranes may be located within the internal 
chamber of the thermal cycler. . 

2. The system of claim 1, further comprising a dispenser 
that dispenses a fluid from capillaries of the capillary 
cassette onto a location on a receiving substrate, 
wherein the automated transfer device may move the 
capillary cassette in relation to said dispensing device 
and receiving substrate such that the fluid contained 
within the capillaries of the capillary cassette are 
dispensed onto the substrate. 



3. The system of claim 2, wherein the dispensing means 
is a centrifuge. 
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4. The system of claim 2, wherein the dispenser is an 
air displacement dispenser. 

5. The system of claim 1 wherein the capillaries have an 
5 interior volume of 10-1000 nL. 

6. The system of claim 1, further comprising an 
analytical stage positioned such that the automated 
transfer device may transfer said capillary cassette in 

10 relation to said dispenser such that contents within said 
capillary cassette may be dispensed onto a substrate 
located upon said stage, 

7. The system of claim 6, wherein said substrate is a 
15 sample preparation microchip and the automated transfer 

device is disposed to dispense the capillary cassette 
directly into a plurality of sample preparation microchip 
sample receiving wells. 

20 8. The system of claim 2, wherein said substrate is a 
multiwell plate, 

9. The system of claim 6, wherein said substrate is an 
array of capillaries and the automated transfer device is 

25 dispersed to disperse the capillary cassette directly 
into the capillaries. 

10. The system of claim 1, further including a capillary 
cassette wash station, wherein said automated transfer 

30 device may transfer a capillary cassette into contact 
with said wash station, said wash station directing a 
wash solution through the capillaries of the capillary 
cassette when said capillary cassette is placed within 
said wash station. 
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11 The system of claim 10, wherein said wash station 
has a wash solution tank and an upper wash manifold that 
xnay be moved to a position above said wash solution tank, 
wherein a wash fluid may be introduced into said wash 

5 solution tank and drawn by suction into the wash man:tf old 
when the capillary cassette is inserted into said wash 
Station. 

12 The system of claim 11, wherein said wash station 
10 further includes a plurality of wash fluid bottles each 

containing a wash fluid and a selector valve allowing 
selection of a wash fluid from one of said bottles to 
fill said wash solution tank. 

15 13 The system of claim 1, further comprising an 
electronic control which may be programmed to send 
electronic instructions to components of the system. 

14 The system of claim 1 wherein said pair of membranes 
20 are affixed to opposing sides of the internal chamber of 

the thermal cycling device. 

15 The system of claim 1 further comprising a plurality 
of microplate holder magazines which dispense microplates 

25 to a location where said automated transfer device may 
contact and move the microplates. 

16. The system of claim 1 wherein said membranes are 
deformable membranes held with a spring bias to 
30 temporarily seal the ends of the capillaries. 
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17. A system for nanoscale reaction preparation, the 
system comprising: 

a capillary cassette including a substrate and 
a plurality of capillaries extending through said 
substrate, each capillary having an internal volume of 
between 10 nl and about 1 uL, wherein each of said 
capillaries has a first and second open end on opposing 
sides of said substrate, wherein the length of the 
capillary extending through substrate on one side of the 
substrate is matched to be shorter than the depth of a 
microplate well; 

a multiwell plate having a plurality of wells 
into which the capillaries of the capillary cassette may 

be inserted; 

a dispenser that dispenses fluid contained 
within the capillaries of the capillary cassette into 
wells of said multiwell plate when said capillary is 
transported to the dispenser; 

an automated transfer robot having a transfer 
head to carry articles selected from the group comprising 
capillary cassettes, multiwell plates, and multiwell 
plates with capillaries of a capillary cassette inserted 
into the wells of the multiwell plates; 

a pair of opposing membrane surfaces, wherein 
the ends of the capillaries may be temporarily sealed by 
pressing the membranes against said ends; and 

a thermal cycler having an internal chamber of 
sufficient capacity to hold said capillary cassette and 
said membranes when said membranes are sealing the ends 
of the capillaries of the capillary cassette, wherein the 
thermal cycler is disposed such that the automated 
transfer robot may place a capillary cassette into an 
internal chamber within said thermal cycler wherein said 
membranes may seal the end of the capillaries of said 
5 capillary cassette within said internal chamber. 
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18. The system of claim 17 wherein said dispenser is an 
elec trokinetic in j ector . 

19. The system of claim 17 wherein said dispenser is a 
5 centrifuge. 

20. The system of claim 17 wherein said dispenser is an 
air displacement head. 

10 21. The system of claim 17 wherein said dispenser is 

disposed to dispense liquid from the capillaries onto an 
analytical substrate located on an analytical stage. 

22. The system of claim 17, further comprising a 

15 capillary cassette wash station, wherein said automated 
transfer device may transfer a capillary cassette into 
contact with said wash station, said wash station 
directing a wash solution through interiors of the 
capillaries of the capillary cassette when said capillary 

20 cassette is placed within said wash station. 

23. The system of claim 22, wherein said wash station 
includes a lower .wash solution tank and an upper wash 
manifold, wherein a wash fluid may be introduced into 

25 said wash solution tank and drawn by suction into the 
wash manifold when the capillary cassette is inserted 
into said wash station. 

24. The system of claim 22, wherein said wash station 
30 further includes a plurality of wash fluid bottles and a 

selector valve in fluid communication with said bottles 
for selection of a wash fluid to fill said wash solution 
tank . 
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25. The system of claim 17, further comprising an 
electronic control, said control sending electronic 
instructions to effect programmed operation of said 
system. 

26. A system for preparing nanoscale reactions, the 

system comprising: 

a substrate having integrally associated 
elongate submicroliter volume reaction containers having 

two opposing ends ; 

a reaction mixture contained within said 

reaction containers ; 

a pair of membranes disposed to temporarily 
seal said opposing ends of said reaction containers ; 

a thermal cycler having an internal chamber of 
sufficient dimension to receive said substrate with 
associated elongate reaction chambers sealed by said 
membranes . 

27. The system of claim 26, wherein said substrate has 
capillaries extending through said substrate, wherein 
said capillaries act as the reaction chambers. 

28. The system of claim 26, wherein said elongate 
reaction containers pass through the thickness of said 
substrate. 

29. The system of claim 26, wherein said thermal cycler 
circulates heated air through a continuous circuit, 
wherein said internal chamber is part of said continuous 
circuit. 
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30 The system of claim 29, wherein said continuous 
circuit may be vented by blocking a section of saxd 
internal passageway and venting said heated air thereby 
allowing rapid temperature adjustment of said heated axr. 

31 The system of claim 30. wherein said internal 
chamber contains said deformable mexhbranes mounted on 
opposing surfaces of said internal chamber. 

32 The system of claim 31, wherein at least one of said 
membranes is mounted within said internal chamber with a 
spring bias which provides a sealing force of saxd 
membranes against said co-planar ends. 

j= T^i™ OS -Fii-rther comprising a means 
33. The system of claxm 26, turcner i,uiui^ 

for dispensing said reaction containers. 

34 The system of claim 26. further comprising a means 
for combining reagents to form said reaction mixture and 
a means for filling said reaction containers with saxd 
reaction mixture- 

35 The system of claim 26. further comprising a wash 
station which may hold and wash said reaction containers. 

36. A method to prepare nanoscale thermal cycling 
reaction mixtures, the steps comprising; 

combining compounds to form a reaction mxxture; 
introducing said reaction mixture into a 
plurality of reaction containers disposed on a substrate, 
each reaction container having an internal volume less 
than one microliter and having a first and second open 
end; 
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temporarily sealing the ends of reaction 
containers by pressing a pair of opposing membranes 
against a first and second set of reaction container 

ends ; . . 

exposing the sealed reaction containers to 

temperature cycles to effect a reaction in the reaction 

mixture ; and 

dispensing the reaction containers onto a 

substrate - 

37 The method of claim 36 wherein the steps of 
conO^ining compounds to form a reaction mixture includes 
the steps : 

metering an amount of a first liquid reaction 
component by placing one end of a plurality of 
capillaries of a capillary cassette into contact wxth the 
first liquid reaction component wherein the capillaries 

fill by capillary action; 

dispensing the first liquid reaction component 

onto discrete locations on a substrate; 

metering an amount of a second liquid reaction 
component by placing one end of the capillaries of a 
capillary cassette into contact with the reaction 
reagents wherein the capillaries fill by capillary 

2 5 action; and 

dispensing the second liquid reaction component 

onto the discrete locations, thereby combining said first 
and second liquid reaction components to form a reaction 
mixture . 



15 



20 
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se. The method of claim 37 wherein the step of 
introducing said reaction mixture into a plurality of 
reaction containers is effected by providing a capillary 
cassette and dipping one open end of capillaries of the 
5 capillary cassette into contact with the reaction mixture 
so that the capillaries fill by capillary action. 

39. The method of claim 36 wherein the steps of 
combining compounds to form a reaction mixture includes 
10 the steps: 

immobilizing a biomolecule sample on an 
interior surface of the reaction container; 

metering an amount of reaction reagents into 
the capillaries of the capillary cassette by placing one 
15 end of the capillaries of a capillary cassette into 
contact with the reaction reagents wherein the 
capillaries fill by capillary action, whereby the 
reaction reagents and the immobilized biomolecule combine 
to form the reaction mixture. 

20 

40. The method of claim 39. wherein the biomolecule is a 
nucleic acid. 

41. The method of claim 3 6 wherein the steps of 

25 combining compounds to form a reaction mixture include 
the steps : 

coating a plurality of surface locations with a 
layer of desiccated reaction reagents; and 

adding to each surface location a nucleic acid 
30 sample in solution of sufficient volume to dissolve the 
solid layer of reaction reagents, thereby forming a 
reaction mixture. 
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42. The method of claim 36 wherein the steps of 
combining compounds to form a reaction mixture include 
the steps: 



solution into the capillaries of the capillary cassette 
by placing one end of the capillaries of a capillary 
cassette into contact with the nucleic acid sample in 
solution, whereby the capillaries fill by capillary 
action, whereby the solution allows the layer of reaction 
reagents to dissolve, forming the reaction mixture. 

43. The method of claim 36, wherein the step of 
dispensing the reaction containers onto a substrate is 
effected by: 

placing the substrate with associated reaction 
containers in a centrifuge; 

positioning a substrate at a radially distal 
end of one open end of said reaction containers; and 

applying centrifugal force such that liquid 
reaction mixtures contained within said reaction 
containers are dispensed onto said substrate. 

44. The method of claim 36, wherein the step of 
dispensing the reaction containers onto a substrate is 
effected by: 

displacing the contents of the reaction 
containers onto a substrate using air displacement. 



coating an interior surface of each capillary 
in a capillary cassette with a layer of desiccated 
reaction reagents; and 

metering an amount of nucleic acid scunple in 
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45. The method of claim 36 wherein the step of 
temporarily sealing the ends of the reaction containers 
by pressing a pair of opposing membranes against a first 
and second set of reaction containers ends is effected 
5 by: 

placing the reaction containers . within an 
interior chamber of a thermal cycler, wherein when the 
reaction containers are enclosed within said thermal 
cycler, deformable membranes on opposing interior 
10 surfaces of said interior chamber temporarily seal the 

reaction containers' ends on each end of the reaction 
containers . 

46- The method of claim 36 wherein the step of exposing 
15 the sealed reaction to temperature cycles to effect a 
reaction is effected circulating heated air past the 
reaction containers through a conduit which allows rapid 
venting of air to the exterior of said conduit to effect 
rapid temperature changes during the temperature cycles. 

20 

47 , A thermal cycling device for exposing reaction 
mixtures to temperature cycles, the device comprising: 

a housing enclosing a continuous interior 
circuit passageway, said housing having a section that 
25 may be temporarily opened to allow access to the interior 
of the housing; 

a blower disposed within said circuit 
passageway to direct air flow in one direction in the 
internal circuit passageway; 
30 a heating element disposed in said internal 

circuit passageway such that air circulating within said 
passageway passes through said heating element; 

a sample holding compartment having two 
membranes positioned in opposing orientation within said 
3 5 sample holding compartment, wherein said membranes may be 
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biased against opposing ends of containers inserted into 
the sample holding compartment; 

housing air vent which may be opened to rapidly 
exhaust heated circulating air; and 
5 a housing air intake for drawing air into said 

interior circuit passageway when the vent exhausts heated 
circulating air. 

48 . The thermal cycling device of claim 47 further 
10 comprising a temperature monitoring device disposed in 
the internal passageway proximate to a sample holding 
compartment . 

49. The thermal cycling device of claim 47 further 
15 comprising at least one air diffuser disposed in the 

internal passageway between the blower and the sample 
holding compartment, said diffuser promoting uniform 
temperature in the air circulating in the internal 
passageway. 

20 

50. The thermal cycling device of claim 47 wherein at 
least one of the deformable membranes within the sample 
holding compartment is spring biased. 

25 51. The thermal cycling device of claim 47 further 
comprising insulation affixed to the surfaces of the 
interior circuit passageway. 



30 



52. The thermal cycling device of claim 47 further 
comprising an electronic control which sends instruction 
to components of the thermal cycling device. 
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53. The thermal cycling device of claim 47 wherein said 
vent is opened by moving a section of said housing 
located between said sample holding compartment and said 
air intake such that the internal passageway is at least 
partially restricted and an opening to outside said 
housing is created. 

54. The thermal cycling device of claim 47 wherein the 
housing has a scalable opening to admit access to the 
sample holding compartment , 

55. A method for performing reactions, the method 
comprising, 

a) introducing reaction mixtures into a 
reaction container set, each container in the set having 
two opposed ends and an internal volume between 10 to 
1000 nl; 

b) temporarily sealing the ends of the reaction 
chambers by pressing a deformable membrane against the 
opposing ends of said reaction containers; 

c) effecting a reaction within said reaction 
containers ; 

d) dispensing reaction mixtures onto discrete 
locations on a substrate; and 

e) combining said reaction mixtures with at 
least 1 yl of a liquid reagent mixture. 

56. The method of claim 55, further comprising the step 
of: 

f ) reacting the completed reaction mixture with 
the liquid reagent mixture . 
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57. The method of claim 56. farther comprising the step 

g) combining reacted mixtures of step f with a 
reaction reagent set to form a second reaction mixture 

h) introducing said second reaction mixture set 
into a second reaction container set, each reaction 
container having two opposing ends and an internal 

between 10 and 1000 nl ; ^ 

i) temporarily sealing the ends of the set of 
reaction containers by pressing def ormable membranes 
against the opposing ends of said reaction containers; 

j) effecting a reaction within said second 

■reaction container set; and 

K) dispensing reacted mixtures from said second 

reaction container set. 



20 
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58- The method claim 57, wherein step f occurs under 
isothermal reaction conditions. 

59 The method of claim 57, wherein the reaction mixture 
of step a is a PGR mixture, the liquid reagent mixture of 
step e contains exonuclease I and shrimp alkaline 
phosphotase, and the second reaction mixture. 

60 The method of claim 57 wherein steps c and j include 
exposing the reaction container sets to temperature 
cycles - 

30 61 The method of claim 60 wherein the exposing reaction 
container sets to temperature cycles B effected by a 
circulating air thermal cycler. 

62 The method of claim 57 wherein the second reaction 
35 container set is dispensed onto an analytical substrate. 
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63. The method of claim 57 wherein the second reaction 
container set is dispensed into the ends of capillaries 
in a capillary electrophoresis array. 

64. The method of claim 57 wherein the second reaction 
container set is dispensed into the wells of a 
microplate . 
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